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Abstract

Toniis is a three part design that gives children with abnormal muscle tone an
increased sense of proprioception, which is the awareness of one’s own body.
Abnormal muscle tone, including both hypertonia and hypotonia, is a
condition that limits the physical ability of young children by decreasing their
range of motion. Unlike typically developing children, these children do not
have access to their surrounding environment. Each one of the Toniis is meant
to give them a heightened sensory experience while making sure that they have
fun at the same time.
As the pieces are used in stages, one after the other, each one’s ability to move
is increased from the previous design. As the child progresses and gains further
movement, the designs do as well. In this way, an emotional connection is
developed as the product tracks the child’s milestones with its own actions.
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Thesis Proposal

Abnormal muscle tone, including both hypertonia and hypotonia, is a
condition that affects the physical development of young children and makes
even the most minute task incredibly difficult for them to accomplish. It renders
them highly immobile and dependent on others at the prime time in their life
where they should be developing both mentally and physically. Symptoms that
impact their muscle strength and cause a lack of coordination affect the way
that they interact with the environment, people and objects that surround them
at all times. Weaknesses occurring due to both high and low muscle tone can
become more burdensome as the children develop and will continue to lessen
their ability to do even the most menial tasks on their own.
This thesis project will utilize the ability of design to aid in the physical struggles
associated with both hypotonia and hypertonia and to find a solution to help
children suffering from these disorders become more independent. Extensive
research into abnormal muscle tone will reveal all of the developmental
challenges that these children suffer from, which will then be used as the basis
for a final design. A product will carefully be designed that will help make their
daily lives easier, contribute to a steadier physical development process, and be
catered towards their needs.
I will be working with occupational and physical therapists, children with
abnormal muscle tone, and parents of these children in order to gain a further
insight into my user group to enhance the overall outcome. This thesis will show
the ability that design has to have an immense impact on these children’s lives,
both in the short-term and the long-term.
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Areas of Focus

My goal is to design a product that children with abnormal muscle tone will
have in their homes at all times. It will be a design that they will interact with
and use throughout their daily lives that is geared towards helping them develop
physically. It will be used by the children without them knowing that they are
actually working on developing their muscle tone; a product that easily fits into
their homes and lifestyles. That way, they will be advancing on their own inbetween physical therapy sessions in order to compliment what the therapists
are working on with them. In addition, it will have an affect on the relationship
that they have with their parent. The task of strength-training with their child
will no longer seem tedious; it will be a time that they look forward to spending
with their child.
The three main areas of focus:
At-Home Physical Therapy Advancement

Early intervening is the key to targeting problems at the beginning stages of
development. The final design will be an at-home solution that advances on
the child’s physical therapy sessions. It will work alongside their physical and
occupational therapy and will target specific areas of the body to strengthen;
ones that are crucial to progressing physically in the future. In addition, it will
subtly track the child’s progress through play, emphasizing certain milestones
and giving a greater awareness to individual accomplishments.
Enjoyable Experience

The product will be a stand out, unique design that differs from those currently
available on the market. In order to give it a longer lifespan, it will also be one
they will not get sick of easily. It will have a minimal approach to it, lessening
unnecessary components and bringing it down to what is truly beneficial to the
child. It will slowly allow them to play independently over time, giving them a
greater sense of accomplishment and self-pride. Although it is meant to advance
on their physical development, it will be a design to make it feel like playtime as
opposed to another therapy session.
Parent-Child Interaction

During playtime, the child’s parent will be able to directly help them when it is
necessary. The product will create an emotional connection to both the parent
Toniis. A three part design for children with abnormal muscle tone.
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Areas of Focus

and child, causing it to be a significant part of the child’s developmental stages
and beyond. Although the child will become more independent over time,
the parent will still be a key element. As progress occurs, it will give the parent
a chance to step back and watch what their child is able to do on their own,
making them see all that they have accomplished up until that point.

Toniis. A three part design for children with abnormal muscle tone.
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Research Methodology

The first requirement in the design process was to gain more knowledge about
whom I was designing for. Instead of starting my research by seeking out
information about children with abnormal muscle tone, I took a step back and
began with finding information about typical physical development in children.
Understanding the stages of typical development allowed me to have a basis of
comparison to further understand the atypical types of development in both
children with hypotonia and children with hypertonia.
Even though I knew that I would be designing for children, I needed to narrow
my research down to a specific age range. This would enable me to design a
more specified product for children of the age at which it can have the greatest
impact. In addition, I researched products available on the current market
that would serve as benchmarks for this design. Looking at children’s products
geared towards both toy design and medical design helped me find a way to
merge the two markets into one product. Understanding the overall current
problems was necessary to finding a relevant and effective solution.
After I began my research with the use of books, articles, videos, and internet
sources, I realized that there was a limit to which these types of sources were
able to help me better understand my intended user. In order to gain an
extensive understanding of my user group that would enable me to design
a product that would cater to their needs, I sought out a pediatric physical
therapist in the area. This allowed me to observe and shadow multiple physical
therapy sessions throughout the design process, bettering my understanding of
the effect that abnormal muscle tone can have on both a child and those around
them.
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Reasonings for Focusing on Early Intervention

Knowing from the beginning that this design would target young children with
abnormal muscle tone, I found that it would require further research to help me
narrow down the exact age range. As previously mentioned, this would enable
me to design a more specified product for children of the age at which it can
have the greatest impact.
Throughout my preliminary research I continuously found sources that stressed
the importance of early intervention. According to Leckey, a company located
in the United Kingdom and Ireland that designs positioning equipment
specifically for children with special needs, the first three years in every
individual’s development is when the most growth occurs. It is a time of
exploration, both physically and mentally. Therefore, the earlier intervening
takes place during a child’s growth the greater an impact it can have on further
stages of development.
“It makes sense to ensure that special care babies receive all the help and 		
encouragement they can, right from the word go. Early intervention can help
with physical, cognitive and sensory development and can help to maximize a
child’s future potential.” (Leckey, 5)

Further research solidified my intent to focus on helping children between
the ages of one and three during their initial stages of development. The early
functions developed during this specific age range serve as the foundation for all
of the child’s future sensorimotor development. The earlier an assessment can
come into play and treatment can begin to take place is incredibly important
when it comes to regulating tone in children with low muscle tone or high
muscle tone. It will allow the parent and physical therapists to aid the child
so that he can strive to reach his highest possible level of functional ability.
(Fiorentino 1981, 167)
Although my initial intentions were to design a product that could help a large
age range, there are too many different milestones in physical development
that occur from when a child is a newborn to when they are about six years of
age. By narrowing down the age of the children that my design aims to help, it
Toniis. A three part design for children with abnormal muscle tone.
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allowed me to focus on specific milestones that are major benchmarkers during
the initial stages of development in children developing both typically and
atypically.
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Basic Physical Terminology

The following terminology is a list from Mary Fiorentino’s “A Basis of
Sensorimotor Development- Normal and Abnormal.” (Fiorentino 1981,
9) It summarizes the physical anatomy, as well as basic physical movements
and positions, involved in typical physical development. Gaining a clear
understanding of related terms such as the ones included in this list gave me a
strong foundation for which to start my research on childhood development.

Figure 1: Windswept Position

Arm - the upper arm from shoulder to elbow
Asymmetry of Movement - the dissociation of movement from one part or
side to the other part or side
Body - the total anatomical structure including the head, neck, trunk, and
extremities
Crawling - the act of moving along the floor on the abdomen
Creeping - mobility in the 4-foot quadruped position, on hands and knees
Toniis. A three part design for children with abnormal muscle tone.
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Digits - a total hand, including four fingers and a thumb
Dissociation - the movement of one part(s) separate from another part(s),
such as when the limb movements separate from the trunk
Forearm - the lower part of the limb, from elbow to wrist
Leg - the foreleg of the lower limb from knee to ankle
Long sit - a sitting position with hips flexed and knees extended
Lower limb - includes the thigh, leg and foot
Quadruped - a 4-foot position, specifically on the hands and knees
Raking Movement - an early development stage in which the baby uses a
swiping movement of the hand on attempting to pick up an object
Symmetry of Movement - the infant moves the extremities, two lower limbs
and/or two upper limbs, in the same direction at the same time, such as both in
flexion or both in extension
Thigh - the upper part of the limb from the hip to the knee
Windswept Position - a position in which both lower extremities are turned
in the same direction, resulting in one limb positioned in external rotation and
the other limb positioned in internal rotation (as seen in Figure 1)
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Skills Development Terminology

Childhood development can be divided into specific stages, each of which
includes specific skills that have been acquired as well as specific activities that
should be able to be accomplished by that point.
This list defines basic skills that are developed during childhood, although the
timeline by which they are developed varies depending on the child’s physical
abilities. It emphasizes the importance of sensory integration into the daily lives
of not only children who are developmentally challenged, but children who are
developing typically as well. (Enabling Devices 2015, 1)

Figure 2: Reaching, Swiping and Grasp

Auditory Development - the ability to identify discrete units of both speech
and sound within the experience of continuous sound input
Bi-lateral Hand Usage - the ability to coordinate the use of both hands to
manipulate and control objects
Cause and Effect - learning that particular actions produce a particular
response afterwards
Directionality - learning the movements of forward, backward, right, left, up
or down
Toniis. A three part design for children with abnormal muscle tone.
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Entertainment - providing amusement or enjoyment
Eye-Hand Coordination - the ability of the vision system to coordinate the
information received through the eyes to control, guide and direct the hands in
the accomplishment of a given task
Fine Motor Skills - coordination of small muscle movements, especially those
of the fingers and hand, usually in coordination with the eyes
Finger and Hand Strengthening- there are more than 25 muscles in each
hand. Overall weakness of these muscles can be an issue in fine motor skill
development. Strengthening exercises are important for improving fine motor
skills
Reaching, Swiping and Grasp - the ability to interact with an object by
reaching for it, swiping it or grasping it (as seen in Figure 2)
Sensory Awareness - the ability to receive and differentiate sensory stimuli
including Tactile (touch), Visual (sight), Auditory (hearing), Olfactory (smell),
Vestibular (balance), and Proprioceptive (body position)
Sensory Stimulation - arousal or invigoration of the senses - vision, auditory,
tactile, olfactory, gustatory, or kinesthetic
Tactile Awareness - the ability to identify and discriminate with the sense of
feel and touch
Visual Attention - the ability to maintain visual fixation and concentration on
a particular target or object
Visual Tracking - the ability of the eyes to follow the movement of an object
in motion

Toniis. A three part design for children with abnormal muscle tone.
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Normal Sensorimotor Development

The physical development of a child occurs with the increased ability to follow
through with a variety of actions in a specific order. A maturation of the child’s
motor system and a development of basic motor functions allow the child to
accomplish an increasingly large number of motor skills. This development of
early functions and skills is crucial since it serves as the foundation for all future
motor skill development. (Fiorentino 1981, 15)
The movements required to both follow through with and enhance motor skills
can be broken down into four basic elements. The first major component is
obtaining head control. This is important for a large portion of overall motor
movement and for the distribution of tone throughout the body. Having
increased extensor tone is equally important since it allows us to maintain
positions against gravity. In addition, gaining the ability to rotate within the
body of axis has a large impact on motor skill advancement. As our physical
abilities progress, we develop rotary components that allow us to obtain both
righting reactions and higher levels of sensorimotor development.
The last element that helps with enhancing motor skills is the development
of equilibrium reactions. Equilibrium reactions are responsible for the
maintenance of positions and actions such as sitting and walking. Over time the
upper limbs are able to develop from solely having the function of support to
becoming part of more skilled, focused activities. All of these components work
together to become a strong foundation for all future sensorimotor development
that occurs during physical development.

Toniis. A three part design for children with abnormal muscle tone.
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Stages of Typical Physical Development

Typical development in children can be categorized into different stages. When
a typically developing child reaches a specific age there are specific abilities,
both physical and mental, that the child should reach by that point in time. The
following benchmarking stages, mentioned throughout the book “Why Motor
Skills Matter,” take place from when the child is born up until the age of three.
These activities can indicate when atypical development starts occurring at a
certain point in time. This helps the parent or caregiver notice when abnormal
activities begin, allowing them to diagnose the problems right away.
Newborn to 1 Month Old

Within the first month of development in a child, seemingly small milestones
occur that serve as the foundation for further develop. Visually, the child slowly
begins to focus on faces and objects that are approximately 8-14 inches away.
(Liddle and Yorke 2004, 34) Within a 90-degree range, the child can also
visually track an object that is being moved nearby. He is already reacting to
auditory stimuli, allowing him to turn his head towards a person’s voice and
to turn away from a perceived danger caused by a sudden noise or motion.
His tactile sense is also increased by this initial development, causing him to
establish a sense of curiosity and begin exploring. Certain physical abilities are
developed, such as being able to put his hand into his mouth as a comforting
tactic, briefly lifting his head off the surface to turn it sideways and grasping
onto a finger or a toy.
1 Month to 3 Months Old

At this stage, the child begins displaying emotions and is now able to smile. This
emotional display is enhanced by his newfound awareness of his surroundings.
Not only is he now able to visually track to midline, but he also begins to react
when a person or object moves outside of his line of vision. He can now lift
his head and turn it when lying in prone position; at two months he is able
to lift it to about 45 degrees and by three months this increases to about 90
degrees. (Liddle and Yorke 2004, 45) This ability to move his head more easily
is accompanied by reciprocal kicking when he is lying on his back. He can now
use his hands to play with his feet and roll into a side-lying position.
Toniis. A three part design for children with abnormal muscle tone.
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4 Months to 6 Months Old

These next two months in a child’s life include a further understanding of
both the people and environment that surround them. By this point, he is
able to recognize his mother and father and can turn towards a voice that he
hears. The child has gained an even further attentive quality that allows him to
acknowledge when he is spoken to directly by someone nearby. When it comes
to motor skills, the child is quickly advancing as he gains further movement.
He can now reach with extended arms towards an object, play with his feet
more frequently and grasp objects with each of his hands. (Liddle and Yorke
2004, 52) At this stage, it is important to notice that there should be no hand
preference present. This means that the child should not have the tendency to
be using mostly his right or left hand.
The child’s head control is quickly increasing as well and this can be seen by his
newly developed ability to visually track objects past midline. His neck muscles
are now strong enough to help him hold his head up 90 degrees when lying on
the floor on his stomach. This head movement is accompanied by a newfound
ability to roll from his back to his front, which, depending on the child, can also
be done by rolling from his front to his back. The child can now also sit upright
while being supported or while he is propping up on his own hands.
7 Months to 9 Months Old

After learning how to sit upright with some support, the child is now capable
of both getting into a sitting position and sitting independently. This sitting
capability leads into the child creeping and exploring his surrounding
environment. This accomplishment in the act of sitting transitions into the
child attempting to pull to stand, although he cannot yet do so on his own. He
requires holding on to either a person or sturdy object nearby to try and pull
himself upright. (Liddle and Yorke 2004, 72) This instability has also allowed
him to develop both a lateral, or sideways, and forward protection reaction.
As opposed to just falling to the ground, the child will now attempt to protect
himself by reaching out his arms to soften the impact.
The child’s fine motor skills are further developing during this stage and he is
able to use his hands for more specified tasks. He can feed himself using his
fingers, bang objects together, hold one object in each hand at the same time
and transfer objects from one hand to the other.
Toniis. A three part design for children with abnormal muscle tone.
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10 Months to 12 Months Old

At this point in the developmental stages, the child has learned to not only
pull himself up to stand without assistance, but he can also continue standing
independently after doing so. This leads into his newfound ability to walk
around slowly while holding someone else’s hand for support. This can also be
accomplished by him using a push toy, which is a mobile toy that has wheels for
mobility and a handle for support.
Both the child’s fine motor skills and hand-eye coordination have developed
enough by this point for him to enjoy different activities during play. He is able
to roll a ball to a person sitting or standing nearby, throw objects with his hands
and build a tower using a few building blocks. (Liddle and Yorke 2004, 82) His
hand strength is increasing and developing at a steady pace.
1 Year to 3 Years Old

This stage of development in a child’s growth is more difficult to track since
these specific abilities vary by child. The benchmarks mentioned represent the
average milestones during this age range and are based on standardized tests and
screenings, although it is certainly possible for the child to develop these skills in
a slightly different sequence. (Liddle and Yorke 2004, 116)
From about one year to two years of age, the child is expanding on his ability
to be independently mobile and to explore his surrounding environment. The
child has learned how to walk on his own by now and this transitions into him
being able to walk in all directions, including forwards, backwards and sideways.
Once he is in a standing position he can slowly lower himself into a kneeling
position. He has also gained the ability to creep up a flight of stairs without any
help and can get himself into a chair independently.
The child’s overall hand usage and fine motor skills have proceeded to develop
alongside his advanced mobility. Unlike before, he is able to rotate his forearms
in order to help him achieve daily accomplishments such as helping with his
dressing and undressing. He has gained the strength to pull a toy along the floor
with the use of his hands and has the ability to throw an object overhand.
Further specialized development continues to occur between the second and
third year in the child’s life. The amount of building blocks he can use to stack
Toniis. A three part design for children with abnormal muscle tone.
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and build a tower has increased to about eight, which is almost double the
amount used the previous year. He has transitioned from walking independently
to running on his own. This is soon followed by him learning how to stand
on one foot at a time for approximately five seconds and gaining the ability
to jump off the ground. He has progressed from using push toys as support
to using his feet to ride on toys with pedals as well. Although each of these
accomplishments is seemingly minor, every single one is a key part in providing
the foundation necessary for future advancements.
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Normal Muscle Tone

Before abnormal muscle tone can be explained, it is necessary to have an overall
understanding of the important role that muscle tone plays throughout physical
development. Muscle tone is what is often used as an indication of various
symptoms during infancy since it can be assessed in an infant even while they
are still extremely young and unable to cooperate. (Peterson 1976, 30) Any
abnormalities that are detected serve as early indicators that allow the child’s
parent to get him the help he requires right from the start.
According to “Why Motor Skills Matter,” muscle tone can be described as the
amount of resistance that one has against passive movement. (Liddle and Yorke
2004, 154) Without muscle tone, it would be extremely difficult for us to move
in any sort of regular manner. It might even be difficult for us to have any
movement at all since a large portion of our physical abilities are due to muscle
tone, including posture, balance and overall movement.
Although the terms ‘muscle tone’ and ‘strength’ are often used interchangeably,
they are quite different from one another. Tone is used to describe the
muscles while they are at rest. The brain is able to adjust tone when it receives
information from the body’s muscles and from the surrounding environment.
On the other hand, strength is controlled voluntarily and is used to describe
the muscles when they are at work. Even though increasing muscle strength
cannot have a direct effect on muscle tone, it does have the ability to lessen the
symptoms that are associated with abnormal muscle tone. For example, if a
child has low muscle tone he can do different exercises to strengthen the muscles
around his joints so that his joints will have increased stability. Doing exercises
during physical and occupational therapy can have a highly positive effect on
improving his range of movement.
Normal distribution of tone throughout the body is also due to postural reflexes,
which are “automatic movements that control the equilibration we require
once upright and moving.” (Hyland 2015) Postural reflexes are responsible
for helping us fight against gravity as well as allowing us to stay balanced and
maintaining our upright posture. They regulate the body’s muscle tone so that
we are able to a perform all different types of movements. Postural reflexes also
determine both the strength and distribution of muscle tone throughout the
Toniis. A three part design for children with abnormal muscle tone.
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body and it is their job to regulate it during movement. (Fiorentino 1981, 26)
Without having properly integrated postural reflexes, the body lacks the ability
to follow through with normal activities. This is what leads to abnormal reflexes
and in turn causes the body to have abnormal development.
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Hypertonia

Abnormal muscle tone can be separated into two seemingly opposite ends of the
spectrum: hypertonia and hypotonia. Hypertonia is the term for high muscle
tone while hypotonia refers to low muscle tone. Although the symptoms for
high muscle tone and low muscle tone vary a great deal, both extremes actually
have a large amount of similarities that allowed me to create one design capable
of helping children with either type of abnormal muscle tone.
Hypertonia, otherwise known as spasticity or rigidity, is an abnormal increase
in resting muscle tension that makes movement highly difficult and renders the
child practically immobile. It is resistance towards passive movement that is not
velocity dependent, meaning that the faster the child with hypotonia stretches
out his muscles, the more the muscles will resist to movement. Once hypertonia
occurs, the shortened muscles may result in further contracture and can cause
the body to become even stiffer. (Davenport 2012, 668)

Figure 3: Child with Hypertonia

Hypertonia is associated with other medical disorders. It can often be a
symptom of disorders such as cerebral palsy and multiple sclerosis. Depending
on how severe the child’s hypertonia is, he might have immense difficulty with
both fine and gross motor movements as well as motor coordination. Having
extreme spasticity causes a great deal of discomfort for the child since it restricts
Toniis. A three part design for children with abnormal muscle tone.
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the motion of his joints and creates a stiffness throughout his body. These
symptoms cause a specific physical appearance to occur in the child, such as
fully extended limbs and poor posture. Although it will not necessarily cure all
of the symptoms, parents of children with hypertonia are highly recommended
to bring their child to occupational and physical therapy sessions. These
sessions have the ability to prevent future complications that are caused by the
condition. (Sage, Susan, and Shelley 2007)
Different therapy techniques aim for positive outcomes by incorporating
specific positions and movement strategies for the child to practice both during
sessions and with their parent or caregiver in the home environment. Therapy
devices are used simultaneously to offer further aid to the child. For example, a
physical therapist might place orthotics on the child before helping him slowly
walk across the room to stabilize him and support his ankles to keep them in
the right position (as seen in Figure 3). A suspension walker might also be used
as a supportive device that will help ease his movement as he practices walking.
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Hypotonia

This second category of abnormal muscle tone is often recognized as being the
opposite of hypertonia. Hypotonia, otherwise referred to as low muscle tone,
is decreased tension of the fine muscles. It is able to be detected at birth if it is
present and is often visibly noticeable by the time the infant is about six months
old. A common test that a doctor will perform on an infant showing signs of
low muscle is to hold up the infant in a horizontal lying position and extend his
hand outwards in front of him. An infant with hypotonia will display extremely
limited muscle control by involuntarily draping its body down over the edge of
the doctor’s hand with all four extremities hanging straight down. Initial signs
of hypotonia also include slow movements and difficulty with both breathing
and feeding. (Davenport 2012, 1195)
Hypotonia is a symptom rather than a disorder. It is an underlying factor in
many disorders and conditions, including Down syndrome. In some instances,
hypotonia occurs when an infant is born prematurely since their muscle tone
has not had the chance to fully develop before being born. Even though it is
not difficult to identify a child as having hypotonia, it can be quite difficult
attempting to identify the initial cause of it. However, a treatment plan should
be put in to place regardless of the cause of the low muscle tone. What matters
is that the child receives the help that he needs because it will greatly benefit
him in the future.
Children with hypotonia are at a greater risk of injury due to their decreased
muscle tension. It is common for them to dislocate their joints, such as their
jaw or neck, because they do not have a sufficient amount of support from
their muscles to hold them together. Hypotonic children also assume abnormal
positions that are physically easier for them to stay in or move in, but these
positions can cause skeletal deformities since they break away from normal
physical positioning. (Liddle and Yorke 2004, 155) A highly common example
of this is known as “W-sitting.” The child will sit with both legs splayed outright
on either side of him with his legs in the form of a “W.” Positions such as this
one become commonalities since they require much less balance and less trunk
control to stay stable. It is important to try and help a child with hypotonia
break these habits by easing them into more correct positions and physically
supporting them until they are able to do so on their own (as seen in Figure 4).
Toniis. A three part design for children with abnormal muscle tone.
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Figure 4: Child with Hypotonia

Figure 5: Child with Hypotonia Playing

There are other characteristics that a child with hypotonia might display
without being diagnosed as having low muscle tone. The child will noticeably
hit certain milestones much later than other children in his age range. He might
take shortcuts during important stages of physical development. Skipping
certain motor skills, such as creeping, could have a negative effect on upcoming
developmental stages. The child will also use different, easier techniques to get
around using muscles that are difficult for them. The child will most likely slide
around and pull himself forward on the floor while sitting on his bottom as
opposed to creeping on his hands and knees. He will also have a limited ability
to obtain proper posture and have extremely limited fine motor skills. Grasping
and reaching for objects might prove to be a challenge if the child has low
muscle tone. (Liddle and Yorke 2004, 158)
As was mentioned before with high muscle tone, low muscle tone can be
treated with regular occupational and physical therapy sessions. Due to their
extremely limited mobility, children with hypotonia are unable to explore
their surrounding environment the way typically developing children are able
to. Therefore, they do not have the chance to see or feel around and feed their
growing curiosity. A great way to stimulate them during therapy sessions is
to incorporate different sensory stimuli into the activities. (Sage, Susan, and
Shelley 2007) A variety of toys and developmental tools are used and different
games are played that give them greater access to sound, sight, smell, movement
and touch. Stimulating these commonly unused senses gives them new
experiences that are beneficial to both their mental and physical development
(as seen in Figure 5).

Toniis. A three part design for children with abnormal muscle tone.

29

Research

Activities That Improve Muscle Tone

There are common developmental techniques used in pediatric physical
and occupational therapy clinics that can also be performed in the home
environment. It is important for the child’s parent or caregiver to incorporate
these activities into their daily lives outside of therapy sessions. Advancing
on physical therapy sessions at home will help improve the results and create
steadier progress. Different activities target various areas of the child’s body at a
time, focusing on different muscles and joints to provide focused treatment.

Figure 6: Activity in Hand and Knee Position

If a child is diagnosed as having abnormal muscle tone there are many
techniques that the parent should use as soon as they are aware of the atypical
development. The parent could use prone propping to assist the child in
propping himself upright using his hands and elbows. This weight bearing
practice assists in the positive development of muscles later used for fine motor
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skill exercises. Encouraging the child to reach out and play with his feet will
provide arm stretching and abdominal strengthening. Due to the child’s limited
mobility, any activity that creates proprioception will create a sensory stimuli
that will allow him to become more aware of his own body. A variety of textures
and materials can be placed against areas of the child’s body to give him a
heightened sense of his body’s positioning and subtle movements. (Liddle and
Yorke 2004, 157)
As the child gets older and his physical abilities slowly develop, a higher level of
activities can be performed. Initiating activities while the child is in a kneeling
or half kneeling position will help him develop proper body weight support.
Playing in a hand and knee position will work on the child’s arm muscles (as
seen in Figure 6). One method of achieving this is to place a mirror underneath
the child while he is supported on his hands and knees. The child will be
curious about his reflection below him and the only way he can view it is if
there is a set distance between his face and the mirror. This will cause him to
push up on his arms so he is able to look down at the mirror below him since
he would otherwise be lying flat on top of it and blocking his visibility. Other
activities and games that involve weight shifting, balancing or trunk rotation
will increase the child’s stability. The challenge to all of these exercises is
incorporating them into more playful activities that the child looks forward to
doing as opposed to what might seem like just another physical therapy session.
Further research into progressive muscle tone activities led me to Leckey’s
website. Leckey is a company located in the United Kingdom and Ireland that
conducts research, designs and develops positioning equipment specifically
for children with special needs. They develop their products based on ongoing
clinical research studies followed through by leading universities as well as
clinical trials. (Leckey n.d.) A few of the products that Leckey has developed
aim to focus on the early intervention of children with physical disabilities.
Their website defines specific physical activities that their products aim to
initiate in the earlier stages of development to promote physical advancements.
Although a couple of them were previously mentioned, a more detailed
explanation for each one will be given. Understanding their significance is
important since many designs for early intervention developmental tools
currently available on the market are based on at least one of these activities.
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Back Lying

For a child in its earlier stages of development, back lying is the preliminary step
in developing physical mobility. Regardless of whether the child is developing
typically or atypically, back lying occurs in the beginning when movement
against gravity has hardly been attempted. When the child is in back lying
position he slowly learns to fight gravity to reach his arms and legs upright and

Figure 7: ‘Tummy Time’ Position

to lift his head off of the floor. These seemingly minor actions strengthen the
neck, stomach and shoulder muscles. It also initiates sensory development as it
is the easiest position for children to focus their eyes.
‘Tummy Time’

Once the child gains increased ability to move his arms and legs he transitions
into what is commonly referred to as ‘tummy time.’ This is when the child lays
on his stomach with his legs stretched out behind him while he lifts his upper
body using his arms and hands. This position is key to transitioning into the
sitting position since it strengthens the neck, back, shoulder and arm muscles.
It also promotes cognitive development as the child slowly learns how to use his
hands and eyes together as a unit. Visual focusing and tracking start to improve
due to the positioning of the head during ‘tummy time’ (as seen in Figure 7).
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Figure 8: Floor Sitting Position

Floor Sitting

The next milestone that follows after ‘tummy time’ is floor sitting. Posture is
greatly enhanced once the child is able to sit upright due to his newly developed
skills of trunk stabilization and rotation. A stable trunk serves as a strong
foundation and allows fine motor skills to start developing. Floor sitting enables
the child to use his hand more freely and to start exploring using his tactile
sense. This freedom of hand movement allows new objects and textures within
the surrounding environment to be explored (as seen in Figure 8).
Hands and Knees

Before the child can physically creep and crawl around the space he is in he
must first establish the proper hand and knee positioning, otherwise known as
the quadruped position. The quadruped position increases the child’s ability to
hold his body weight against gravity, which is key to strengthening muscles that
will be crucial to all other milestones in the future. Holding himself upright
with extended arms and open palms supports his sensory development by
advancing his weight bearing abilities.
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Ergonomics and Posture

“It is recognized that appropriate positioning in children with physical
disabilities is important to facilitate engagement in functional activity and
enable participation with the environment. Research has evidenced that 		
proper positioning can improve upper extremity function, postural alignment,
and prevent the development of deformity.” (Neville 2005, 27)

Figure 9: Speaking with Rocio Alonso, Designer and Fabricator at ADA

Ergonomics and posture are a main factor when designing products to improve
the physical ability of those with atypical development. Early into my research,
I had the chance to visit a non-for-profit called Adaptive Design Association.
I knew that before I decided exactly what type of product I would design I
needed to further understand the important role that it would play in the
lives of children with physical disabilities. I learned about Adaptive Design
Association from an occupational therapist and immediately knew that speaking
to the designers and therapists working there would be a strong foundation for
my design process (as seen in Figure 9).
Adaptive Design Association is a non-for-profit located in Manhattan that
focuses on creating custom adaptations for children with disabilities. For each
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individual piece the designer works with the child’s therapists, usually the
physical therapist, to figure out exactly what the child needs in order to help
them with their physical development. The custom pieces have very specific
details, such as knee-blockers to prevent overextension outwards, head pillows

Figure 10: Seating with Customized Straps

Figure 11: Completed Tri-wall Design

to prop their head up and prevent them from having it faced downward due
to lack of strength and soft body straps to hold the child in place where it is
necessary (as seen in Figure 10). All of their designs are made out of tri-wall,
which is essentially layered cardboard that is low in cost yet sturdy enough to
create long-lasting results (as seen in Figure 11).
Rocio Alonso, an industrial designer and fabricator at ADA, told me that it is
possible to add too many details to products designed for children with special
needs. She mentioned that adding too much support to positioning products
will cause the child to become less likely to work on his own and he will not be
able to advance at the expected pace. If there are too many supporting features
such as straps or velcro the child will be restricted and unable to experiment
with movements and try things out for himself.
During physical therapy sessions the therapist will work with the child on his
alignment and promote as much movement as possible. The child requires
weight-bearing for healthy bone growth as well as midline positioning to
decrease the effects that abnormal tone might have on his body. A main focus
during physical therapy sessions is to enhance the child’s posture in order
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to promote further proper development. Posture can be described as the
positioning of either an individual segment of the body or multiple segments
“in relation to one another and their orientation in space.” (Neville 2005,
4) While performing different activities the body’s posture will shift and
change position to promote movement. Without the development of posture,
movement is extremely limited.
When designing a product to both stabilize and promote movement in
children with physical limitations it is important to keep certain goals in mind
throughout the design process. Through its use, it should aim to normalize tone
and maintain skeletal alignment. It should provide a stable base of support to
promote function and to make the child feel safe when using it. Although it
will be difficult for a child with abnormal muscle tone to hold a certain position
for an extended amount of time, the product should be designed to make it
more tolerable for them to do so if necessary. It should also be comfortable and
relaxing to ease the stress of the situation. Although the child needs to use a
variety of products and devices to help them with their physical advancements,
it does not mean that these products have to be intimidating or lifeless. Lastly, it
should promote normal movement patterns through its use over time. (Neville
2005, 5) When used together these goals can lead to the design of an impactful
product that has the ability to enhance these children’s lives through its use.
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Parent/Child Relationship

From November 2014 to April 2015, a survey was conducted to learn out more
about the relationship between the parent and their child with abnormal muscle
tone. This survey helped me gain insight into the struggles that are currently
present for both the parent and child due to the child’s atypical development.
The questions were directed to give me a greater sense of the lifestyles, habits,
struggles and emotions that affect the parent and child’s time spent together.
I found that not only are physical limitations incredibly frustrating for a child
to deal with, but it is almost equally as hard for the parent to watch their child
suffering with these limitations on a daily basis.
Since I was designing a product for an extremely young user group that is not
able to fully vocalize clear opinions and feelings, hearing from their parents
allowed me to gain that necessary knowledge in order to better my design. The
survey led me to the conclusion that the final design would be one that will
create a greater emotional connection between the parent and child; it will allow
the child to become more independent over time while the parent still plays a
key role in their development.
The survey questions and results can be found in the Appendix.
Survey Quotes

The results of two specific questions that were part of the survey allowed me to
approach my design in less of a technical manner and more from an emotional
side. They encouraged me to develop a higher level of empathy throughout my
design process to create a product with greater meaning. The questions, along
with a few responses, were as follows:
In your opinion, what is one thing that would make playtime with
your child more enjoyable for yourself?

“Anything that allows her to take risks while being successful.”
“...if she could copy my movements.”
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“If I could better understand where the line is between him not being able to do
it, needing to be pushed to try and being exhausted/in pain.”
“Seeing him play with no physical limitations.”
In your opinion, what is one thing that would make playtime with
your child more enjoyable for your child?

“...to be able to walk and run with his siblings.”
“If he could gain increased mobility. It’s clear he often wants to reach for things
further away but doesn’t feel stable enough to do so.”
“Anything that allows her to feel like she is in control.”
“More independence. He is so reliant on me to get him things or help him
move. As soon as he has an ‘all by myself ’ moment, he beams with pride.”
Aside from designing a product that would enhance the parent-child
relationship, it was important to also keep in mind the overall experience when
using the product. Caring for a child, especially one with physical disabilities,
often causes increased stress levels in a parent. It is a stressful experience due to
the amount of time necessary to work with the child on his development as well
as the limitations that the parent has in directly helping their child when he is
struggling to complete an activity. However, I believe that is possible to make
this time less stressful and more enjoyable for both the parent and child.
Research shows that caring for a child creates increased psychological strain on
a parent. When that child also has physical or mental disabilities, that strain is
greatly increased. One study found that women who are stay-at-home mothers
who must care for their children during the day have a much higher tendency of
tension headaches and increased stress levels than women who work part-time
outside of the home. (Sanders and Morse 2005, 287) Caring for their children
full time also creates a negative impact on them physically due to the lifting
methods used during their interaction. Throughout the day, the parent must
take on child-care tasks such as bathing, transporting, feeding, playing, teaching
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and consoling their children. Although it seems as though these tendencies
might be second nature to a mother, this can all be incredibly stressful especially
when other aspects of life are added to the long list of daily tasks. When it
comes to having a child with physical disabilities, an even greater amount of
time is invested in caring for the child to make sure that he gets the help he
needs as often as possible.
Caring for children can easily be considered a high-strain occupation due to the
applied amount of time and patience necessary, especially in the case of younger
children. Young children are very dependent on others and cannot be left alone.
The parent must stay with them at all times, causing physical stress that is
enhanced even more by the child’s crying, struggling and arguing throughout
the day.
Children have a significant affect on the nature and level of stress that their
parents experience. (Hausner-Cram, Warfield, Shonkoff and Krauss 2001, 93)
When caring for children at such a young age who demand constant attention,
physical exhaustion and mental stress occurs fairly often. When the child is
unable to speak yet it causes the parent to feel helpless when something is visibly
bothering with him. The addition of physical disabilities increases the child’s
needs, thus adding to the feeling of helplessness and lack of control. (Sanders
and Morse 2005, 293)
My design will create a more enjoyable experience for both the parent and
child. It will aim to assist in developing the child physically in a manner of
stages as opposed to tackling all problems at one time. The process of physical
development involves both patience and time and the final design will reflect
this gradual progression and ease the stress of the parent from having to watch
their child learn it all at an advanced pace. It will add an element of fun and
enjoyment to what can often be a stressful and tedious experience
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Importance of Play

“All too often, babies with special needs are limited in their
opportunities to play, so making it easier for them to explore their
surroundings through activity is very helpful for their development.
Playing not only encourages physical, cognitive and sensory
development, it also boosts the child’s self confidence.” (Leckey, 5)

Visiting The Strong National Museum of Play, located in Rochester, New
York, was the first step in understanding the importance of play in every
child’s development. One room in the first section of the museum leads
visitors through different explanations and examples of the importance of play.
Different installations provide descriptions about what makes play unique and
how it affects children both mentally and physically.
According to research displayed in the museum, play is divided into six
categories: anticipation, surprise, pleasure, understanding, strength and
poise. Each of these individual elements has a great impact on a child, yet
they are stronger when they are used in unison. They work together to create
an experience that includes endless creativity, astonishment, fulfillment and
interest for the child. Every time a child plays to his full extent each one of these
elements is present, growing more powerful as the child plays.
Play is impactful on both a child’s body and mind by teaching him physical
and intellectual skills through the use of different toys, games and activities.
Through the use of play, strength and skills are slowly developed. It stimulates
a child’s imagination and encourages self-confidence and agility. Children have
an innate need to figure out what is going on around them. Their curiosity leads
them to explore and experiment while having fun in the process.
It is important for parents to take part in their child’s developmental process
in order to encourage continuous growth and development. Since children
with physical disabilities have limited movement, it is crucial that the parent
invests the time to work with their child to capture their interest and entertain
them during playtime. This will serve as a motivational source to help the child
develop over time. (Leckey, 5)
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Play become more complex and coordinated as the child develops new motor
skills. During the earlier stages of a child’s life, play is often a solitary activity.
Over time, however, he begins to play socially with other people including his
siblings and friends. Social interaction helps children learn about cause-andeffect, social relations and language. Peer interaction becomes more important
as a child grows; gaining confidence and learning motor skills through play will
ready the child for this type of play. Increased exploration of their surrounding
environment will also stimulate their senses and increase their interest in
everything that surrounds them. (Dowshen 2014)

Figure 12: Child Playing with Ring Stacking Toy

Toys that are used during playtime are often designed to promote physical and
mental growth in the child throughout different stages. As an infant, nursery
mobiles hung above a crib are used as visual stimulation to develop the baby’s
attention span. Toys designed with a mirrored surface create a sense of selfawareness over time as the child begins to recognize his own reflection. Toys
that consist of stackable parts allow the child to first develop his ability to hold
objects and then to develop his fine motor skills (as seen in Figure 12). Pushpull toys are used once the child has already gained some mobility to increase
his balance and help him develop strength in his larger muscles, including his
leg muscles. Using toys such as the ones previously mentioned allows children to
work muscles in their body that will be used for all future activities. (Dowshen
2014)
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Research Insights
To summarize the previous research documentation that assisted me throughout
my design process:
- Focusing on early intervention allowed me to have a greater impact on the
child’s development right from the start. The earlier intervening takes place
during a child’s growth, the greater an impact it can have on further stages
of development.
- A list of basic physical terminology summarizes the physical anatomy, as
well as basic physical movements and positions, involved in typical
physical development.
- Childhood development can be divided into stages, each of which
includes specific skills that have been acquired as well as specific activities that
should be able to be accomplished by that point.
- A maturation of the child’s motor system and a development of basic motor
functions allow the child to accomplish an increasingly large number of motor
skills. This development of early functions and skills is crucial since it serves as
the foundation for all future motor skill development.
- Benchmarking activities can indicate when atypical development starts 		
occurring at a certain point in time. This helps the parent or caregiver notice
when abnormal activities begin, allowing them to diagnose the problems
right away.
- Muscle tone can be described as the amount of resistance that one has against
passive movement. Without muscle tone, it would be extremely difficult for
us to move since a large portion of our physical abilities are due to muscle
tone, including posture, balance and overall movement.
- Hypertonia, otherwise known as spasticity or rigidity, is an abnormal increase
in resting muscle tension that makes movement highly difficult and renders
the child practically immobile.
- Hypotonia, otherwise referred to as low muscle tone, is decreased tension of
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the fine muscles. It is able to be detected at birth if it is present and is often
visibly noticeable by the time the infant is about six months old.
- Common developmental techniques are used in pediatric physical
and occupational therapy clinics that can also be performed in the home
environment. It is important for the child’s parent or caregiver to incorporate
these activities into their daily lives outside of therapy sessions.
- When designing a product to both stabilize and promote movement in
children with physical limitations it is important to keep certain goals in
mind throughout the design process. For example, it should aim to normalize
tone and maintain skeletal alignment. It should also provide a stable base of
support to promote function and to make the child feel safe when using it.
- Caring for a child, especially one with physical disabilities, often causes
increased stress levels in a parent. It is a stressful experience due to the 		
amount of time necessary to work with the child on his development as well
as the limitations that the parent has in directly helping their child when he is
struggling to complete an activity.
- Play stimulates a child’s imagination and encourages self-confidence and
agility. Children have an innate need to figure out what is going on around
them. Their curiosity leads them to explore and experiment while having fun
in the process.
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From research to development, benchmarking helped me gain a further
insight into products currently on the market. I found many products that
are poorly designed, ones that are not very safe and ones that do not have
any characteristics that allow them to stand out from the rest. The three main
goals for my design were to advance on physical therapy sessions, create an
enjoyable experience and enhance the relationship between the parent and child
While looking into other solutions, I found that most other products fail to
incorporate all three of these important elements into their designs.
Many seating devices are designed to limit the child’s movement. Wedges and
bolsters, commonly used by physical therapists during sessions, are made up of
standard geometric forms. Their surfaces are “one-dimensional” and the element
of fun is lost in their designs. After researching many websites and coming up
with similar results, I started to seek out products that would provide greater
inspiration through both their design and function.
I began to find products on the market that caught my attention due to at least
one specific characteristic, including color, overall form or material application.
Although most of them were not designed specifically for children with special
needs, their sensory-evoking qualities designed for early intervention stages
would also allow them to be used for children with atypical development.
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A few of the products that stood out during the benchmarking stage of the
design process:
Squiggles Early Activity System

Figure 13: Squiggles Early Activity System (Leckey n.d.)

Leckey’s Early Activity System is a modular system designed for infants and
young children with developmental delays. It is made up of individual soft,
bright forms that can be combined in different ways depending on what
activity is being focused on. The straps, rolls and wedges can be easily moved
and attached to the large mat using their velcro strips. Different arrangements
provide the necessary support required for different developmental activities
such as side lying and ‘tummy time.’
Positive qualities of this design include its multi-purpose quality, lightweight
material and ambiguous usage. There is a large amount of initial developmental
activities that could benefit from this product. However, it does have a limited
life-cycle because once the child outgrows the product it can no longer be used
for many purposes. The fabric material can also be seen as a negative quality.
Fabric products are hard to use with infants due to their constant use, easy
deterioration and hard-to-clean surface. Fluids and other messes would quickly
become a burden when this product is in use.
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Bumbo

Figures 14 and 15: Bumbo Floor Seat (Bumbo n.d.)

The Bumbo Floor Seat was designed to help children sit up when they cannot
yet do so by themselves. The parent can easily place the child into the sitting
device to help him sit upright when using his hands for other activities.
When I first found the Bumbo Floor Seat during my benchmarking research,
specific qualities of the design caught my attention. I was drawn to its minimal
design and the bright color options available. The soft, foam-like material used
for manufacturing gives it a sturdy yet comfortable feel and appears strong
enough to withstand frequent use. Once I learned more about the product, the
negative attributes started to stand out to me. The floor seat is designed for an
age in which the child should be physically exploring their environment and
engaging their senses while developing motor skills. However, this product
completely inhibits their movement and restricts them from doing so. The
device also does not offer enough support for the child’s back and neck. Many
injuries have occurred when using this product, causing the children to fall
backward due to their weight shift.
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Tobbles

Figures 16, 17 and 18: Tobbles Stacking Toy (Fat Brain Toys LLC n.d.)

Tobbles is a multi-part toy made up of varying sized pieces designed to be
stacked or played with individually. The simple, brightly colored forms have
weighted bases and were designed to get increasingly smaller from one to the
next, allowing small children to easily stack them as they develop their fine
motor skills. The stacking characteristic of the pieces also encourages increased
hand-eye coordination.
Tobbles stood out to me from other toys on the market due to its unique,
minimal design approach and sensory-stimulating qualities. The pieces fit
easily in a child’s hand and their purpose is increased when used together.
The bright colors are a big visual stimulation for children and cause them to
want to interact with the product. A characteristic that stands out is the subtle
movement that takes place in the pieces due to their weighted bases. Each piece
wobbles back and forth when the child plays with it, rendering it unable to tip
over and allowing it to always find its center of gravity. It is a simple design that
not only moves itself but initiates movement in the child playing with it.
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Textured Balls

Figures 19 and 20: Textured Multi Ball Set by Infantino (Infantino, LLC n.d.)

Infantino, a company that designs toys and accessories for young children,
manufactures a set of textured, silicone balls that fit in the palm of a child’s
hand. The set includes balls that vary in color, texture and form. Their soft
surface helps children facilitate their fine motor skills while the textures covering
the surface help them develop their tactile sense. The bright colors serve as a
visual stimulation and intrigue the child to interact with the product. Having
the ability to move the product around due to its lightweight characteristic, the
child can also work on his hand-eye coordination during playtime.
This product stood out to me from other similar products on the market. The
vibrant colors are incredibly eye-catching for both infants and children alike.
The different textured surfaces on each ball allow for a multitude of tactile
sensations in the same product set. Some of them are easy for the child to grab
and others can be used as a sensory stimuli when he feels the texture against his
skin. Not only do the textures create a unique surface, but the child-friendly
material used for production is great due to its smooth, lightweight and easyto-clean surface. When considering these qualities for my final design, I found
that adding similar textures to a larger design could help initiate fine motor skill
growth in addition to the gross motor skills that the overall design is advancing
on.
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PipSquigz

Figures 21 and 22: Pipsquigz Textured Suction Toy (Fat Brain Toys LLC n.d.)

Pipsquigz is a unique three-part toy designed to promote the advancement of
fine motor skills and enhance creativity in children. Each one of the hand-held
toys is made from high quality silicone in bright colors. The textured patterns
on each of the pieces encourages playful interaction and makes it easy for small
hands to grasp them. A rattle is set inside the center of all three pieces and acts
as an audial cue during playtime. Another fun aspect of the simple forms is the
incorporation of a suction cup on either one or multiple sides, allowing children
to stick them onto any flat surface as well as to each other.
Such a seemingly simple design manages to focus on just about all of the five
senses with the use of color, texture, material and form. High quality silicone is
an ideal material for children’s products since it is soft, flexible and easy to clean.
I find the bright colors and varying textures to not only be extremely appealing
but to have a strong purpose as well. The ability to stick these toys together
and on to just about any surface is a great way to keep a child interested and
wanting to continue playing. The set of three toys are very intriguing, having
the ability to be used both individually and as a unit.
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Tumzee

Figures 23 and 24: Tumzee Positioning Device (Tumzee n.d.)

As I have learned from many sources throughout my research, ‘tummy time’
is one of the key physical activities during childhood development. It enables
the child to transition into the sitting position since it strengthens the neck,
back, shoulder and arm muscles. Experts recommend about thirty minutes
of ‘tummy time’ daily for infants, but they often dislike being in this position
since it makes them work on multiple muscles and areas of their body at once.
Tumzee was developed to allow the infant to spend more time in this position
comfortably. A soft incline positions the child slightly upright, reducing his
frustration and allowing him to see more of his surrounding environment. It
also gives him more freedom to use his hands to develop his fine motor skills.
Although there are many ‘tummy time’ products currently available, many of
them are completely flat with only a slight area of support for the child’s arms.
Play-mats are used for this activity as well but there are no supporting structures
that can help the child hold the position comfortably. What stood out to me
with this product is its simple design that focuses on a specific activity that is a
crucial stage during development. The angled design creates a slight change in
the object’s form that makes it easier for the child to stay positioned for a longer
length of time. The bright foam material is also sturdy enough to be used as
support but soft enough for the child to put his full weight on top of it.
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The following section is a documentation of the entire design process, including
discussions with my thesis advisors, observation and shadowing notes, ideation
and model making. The process was documented through the use of an
online blog website that easily enabled me to keep track of my milestones in a
chronological order as well as to document personal insights I had at specific
stages in the process. It describes in detail how the final design came to be
from an initial approach to a final concept of a three part developmental tool
designed for children with abnormal muscle tone.
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Getting Organized
Throughout the summer I began collecting research so that once the fall
semester began, I would be able to sort through it all and pull out what could
help me with my thesis. The research includes medical websites, scientific
journals, blogs for parents of hypotonic children and assorted articles that focus
on designing for children with disabilities. Before I begin sorting out all of the
information that I have collected the past couple of months, I decided to create
a list of three stages that I will tackle by the end of this process:
Stage 1: Understanding hypotonia.
1. What is exactly is hypotonia?
2. What are the symptoms?
3. How moderate to severe is it?
4. What age group should I focus on?
Stage 2: Helping children with hypotonia with the use of design.
1. What symptoms affect them physically?
2. How does this have an effect on their daily life?
3. What actions or movements can help them gain strength?
Stage 3: The positive effects of design for children with hypotonia.
1. Should the design focus on helping them with daily activities or making
them stronger and more independent?
2. What are the exact problems I am trying to solve?
3. What human interactions am I trying to positively affect?
4. What type of design can be used to help (i.e., furniture, environment, toys,
household products, etc.)?
5. How can each of these individual designs help them?
6. How can these designs work together to help them get stronger and more
independent?
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August Visit to Adaptive Design Association
In the beginning of August, I had the chance to spend the afternoon at Adaptive
Design Association, a spectacular non-for-profit located in Manhattan that
focuses on creating custom adaptations for children with disabilities. I was taken
around the facilities to learn more about the materials they use, the children
that require their help, and how they design custom pieces for the children that
they work with (as seen in Figure 25).
My thesis seeks to design products to work alongside the sessions that an
occupational and/or physical therapist would conduct with the child. They
would be products designed for the home environment; products that parents
could use during play, mealtime, and other times throughout the day to help
advance the work being done by the therapist.
Adaptive Design Association designs custom pieces for individual children (as
seen in Figure 26). For each piece, the designer works with the child’s therapists,
usually the physical therapist, to figure out exactly what the child needs in
order to help them with their physical development. With my project, mass
production has to be taken into account. Therefore, I have the intentions of
observing at least one child with hypotonia to help base my designs on, but
then I will continue to carefully add on to those specific features in order to
universalize the design for a much larger market with slightly less specific needs.

Figure 25: Adaptive Design Association Visit

Figure 26: Custom Seating Device
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Gaining Professional Input
I sought out pediatric physical therapists in order to gain some more insight
about my thesis topic. While the internet and library have been great resources
so far, I really needed to meet with someone in person for additional guidance
and to find out if I would be able to observe multiple physical therapy sessions.
My searching brought me to a local pediatric outpatient therapy center
made up of experienced pediatric physical and occupational therapists that
primarily focus on early intervention. This is how I connected with the physical
therapist (who I will be referring to as ‘PT’) who generously agreed to help me
throughout this process.
PT has already given me some general guidelines when it comes to toys and
objects used to work with children with abnormal muscle tone. All of the
human senses are targeted during physical therapy sessions:
Vision

Vision leads to all movement. One big visual stimulation for children is color;
black and white are early visual cues. For newborns, their visual field is best
within 8-9 inches. Their initial visual field is not so strong.
Vision can also be used as an incentive to help them gain physical strength. For
example, positioning of a toy or object can be key. Placing it forward in front
of the child will cause him to move his head forward as well, strengthening the
head and neck muscles.
Hearing

Children respond to voice, physical touch, heartbeat, and rhythm of breathing.
If the child gets worked up, speaking soothingly or breathing rhythmically helps
calm them when you hold them. (also applies to Touch)
Touch

Children with lower muscle tone do not have great movement. They are unable
to crawl or move around to explore and touch objects in their surroundings.
Incorporating texture into the designs they interact with is highly important to
expose them to what they otherwise would be missing out on. Materials in their
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surrounding environment are also important for them to get used, such as the
furniture around them and different floor textures. For instance, being able to
feel the difference between hard/soft and warm/cold gives them a better sense
and awareness of their body.
Within our first meeting, PT gave me really helpful advice that altered the path
of this thesis topic. Hypotonia is very specific and can limit the amount of users
for my product, as well as making it incredibly difficult to create a universalized
design. Instead of just focusing on children with hypotonia, I will be designing
for newborn to 3 year old children with abnormal muscle tone, including both
high muscle tone and low muscle tone. A design will be created that can cover
both extremes since they actually have many similarities.

First Observation/Shadowing Session
On September 9th, I had the opportunity to shadow PT on two physical
therapy visits with two different boys. These were my observations:
Child A – 9 months old; low muscle tone

PT has been working with Child A (as seen in Figure 27) for the past few
months. He was born with extremely low tone and when visits began three
months ago, he was unable to lift his head, hold himself up, or hold a toy on his
own. His only possible position was lying flat on his back with arms laid flat out
on either side of him due to his inability to lift his arms upward. A good tactic
to help him was ‘side-lying’, which positioned him on his side. It forced his legs
together and his arms were in a better position in front of him.
Positioning of the child’s toys are important as well. For example, placing a
toy forward in front of the child’s head will make him move his head forward,
strengthening the neck muscles. At first, on his stomach, Child A could not
pick his head up. It would fall down and he would get frustrated; slowly over
time, he had gained the strength to lift it up.
PT uses toys to motivate Child A to reach forward, especially ones that are
colorful and noisy to grab his attention- the toys or objects that are used as
motivation make all the difference. She helps to hold him up a little bit but
Toniis. A three part design for children with abnormal muscle tone.

55

Design Process

Figure 27: Child A from Observations

tries to get him to do it mostly on his own. One of the issues associated with
his low muscle tone is that when he loses his balance and falls over, he makes no
attempt to lift himself back up. Also, when he is held up in a standing position
his legs collapse. There is no attempt at all to stand or keep them straight.
One product that PT uses with children with low muscle tone is called a
gertie ball, which comes in sizes of 9” or less. It is a ball that comes in different
textured surfaces and you are able to blow it up as firm or as loose as you like,
which makes it easier to grab and adjust. The child is placed on top of the ball
in a sitting position which enhances his posture and gives him the opportunity
to bear some weight on his feet. The 90 degree sitting position is really
important for them to learn to do on their own- it is great for leg strength, waist
strength, and neck/head strength.
Child A can go from his back to his side, but once he is on his side, he lacks
arm and shoulder strength to lift himself up on to his stomach. Also, Child A
struggles to lift his head so with every turn his head shakes a little, representing
how unstable the movement is.
Child B – 2 years old; high muscle tone

PT has been working with Child B (as seen in Figure 28) for the past few
months. He can only stand if he is held since he struggles to stay upright,
so she is working with him on lifting off the ground to get into a standing
position. His high muscle tone causes him to keep his hands fisted and all of his
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Figure 28: Child B from Observations

ligaments brought in close to his body. Instead of crawling, he scoots around
with his right leg in front of him and his left leg behind him, using his right leg
to pull his entire body forward.
To help him try to walk in the upright position, PT aids Child B in using a toy
with a handle and wheels that he can use to support his weight. Even with the
help, he is very wobbly when using the toy for support. He has problems with
motor planning and has only figured out how to sit up 2 months ago with the
help of physical therapy. Up until this point he can only sit up using the right
side of his body; he still struggles to use his left side as support.
Child B is gaining strength in his leg muscles and learning how to move from
sitting to a standing position. PT is hopeful that he will eventually be able to
walk on his own in a couple of years with continued therapy. Another method
she uses to help him stand is supporting him with her arms and leaning him up
against a wall cushioned with gym mats to help him gain balance. It is easier
for him to stand when he is distracted by visual cues, such as a video on an iPad
that is held up in front of him. He is not thinking about what he is doing at
that point, but as soon as the video ends and he is no longer distracted, he ends
up falling instantly.

Basics of High Tone and Low Tone
Some more information that the physical therapist told me while shadowing:
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Tone is defined as tension of the muscles at rest. Low tone is when the child’s
muscles feel soft and doughy, while high tone is when the child’s muscles are
more rigid and stiff due to higher tension. On both ends, range of motion is a
big concern. Both types make it hard for the child to move against gravity.
One common problem that physical therapists have to counter-act is what is
known as the ‘W-Sitting’ position. The child sits on the ground with each leg
bent and positioned at his sides. W-sitting is an easy position to sit in for a
child with abnormal muscle tone since it increases the area of support outward
due to the ankles and feet being on either side. It takes significantly less effort
than sitting in other positions since it shifts the weight onto the pelvis area and
outright feet instead of on the child’s bottom. It is not good for the child’s hip
and knee areas since it puts a lot of pressure on them in the wrong direction.
It also does not promote weight shifting, good pelvic strengthening, and
movement in and out of sitting.
I will continue to shadow therapy sessions to learn more techniques from the
physical and occupational therapists that can help me with my design.

A Chance to Shadow in the Home Environment
I had the chance to shadow PT today as she worked with the two previous
children in their home environment- both children come from the same
household. It was great to be able to see them in their natural environment as
they work with their physical therapist. As I watched their interaction and spoke
to Janet, some key information stood out to me that might influence my future
design.
Child A – 9 months old; low muscle tone

PT starts working with Child A on a carpeted floor. This will cause resistance
when he tries to move and she will then put him on the hardwood floor to help
him turn on his own more easily. He begins lying down on his back with his
arms reaching above him. PT holds out two small plastic toys that he is able to
grab from her and bang together; this simple act shows the improvement that
has occurred over the past few months.
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When the physical therapist turns him on to his stomach, he still struggles to
hold his head up on his own but is making slow progress. He also has trouble
lifting his body into a sitting position, so she will put him in a hands and knees
position (think of when you’re leaning on all fours) and slowly shift him into
a sitting position from there. One fun thing that she does is place a mirror in
front of him when he is finally sitting up. It completely grabs his attention and
he is so distracted that he can sit up on his own, even if just for a little bit.
One drawback to the hardwood floor is that even though it is easier for him to
move himself, the hard surface will cause him to hit his head harder if he gets
more tired and his head drops downward. Also, he can flip onto his side more
easily but the slippery surface makes it extremely difficult for him to transition
from that position onto his stomach.
Child B – 2 years old; high muscle tone

PT proceeds to work with Child B using a device that she brought with her.
She sets him up in a suspension walker, a physical therapy device used to aid
children who have struggles walking on their own :

Figures 29 and 30: Suspension Walkers (Kaye n.d.)

The walker (as seen in Figures 29 and 30) holds him in place with a detachable
harness and holds him up from above, but it gives him a little freedom to use
his own leg strength to stand and walk. He is very hesitant to walk forward so
the physical therapist stands in front of him with an object, such as a toy or an
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iPad playing a song that he loves, to coerce him to move forward. He takes a
few steps in her direction but quickly gets frustrated and starts crying. It does
help him with his strength but he is clearly not enjoying it at all.
I asked PT if his crying was caused by pain. She told me that even though
he is visibly struggling, it is most likely not due to pain caused by the act of
walking. It is just that he is not used to doing these sort of movements so it is
uncomfortable and even scares him a little bit each time he progresses.
After giving him a little break to calm down, PT sits on the floor with Child B
so that they are facing each other with their legs open and their feet touching.
They hold hands and she slowly moves back and forth, pulling him towards
her and then slowly letting him lean back. All of this is happening while she
is singing a song that he loves so he is not as much paying attention to the act
of moving as he is to the singing. She uses this technique as they go through
different activities, either singing a song that he likes or making a song on the
spot about the action they are doing at that very moment. Her voice seems to
be calming him, causing him to have a momentary distraction from what they
are working on.
Since this shadowing session was a home visit, it gave me the chance to speak to
one of the child’s mother while I was there. She has been really supportive in my
design pursuit since my last visit and it has been helpful to be able to bounce
ideas off of a parent of children with abnormal muscle tone. When I explained
my overall thesis goals to her, she agreed that if I could find a way to enhance
their motor skills, keep them engaged, make it more meaningful for her, and
make it fun for them then that would be an extremely impactful in-home
design.
This visit gave me inspiration for a few general design elements that I might
incorporate into my design:
Design Idea #1

A device that can alter the amount of resistance the child needs to exert in order
to cause something to happen. One that can take more force and pressure in the
beginning and gets progressively easier as the child plays and gets tired, but it
can also start off easy to use and get harder as the child plays in order to build
endurance.
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It can be gone about mechanically using mechanisms or adjustable parts, or I
can use some sort of material that naturally possesses the quality of tension and
resistance, such as water, air pressure, or sand (as seen in Figure 31). Maybe
these can be used inside of the product to create a cause and effect that will
engage the child in different ways.

Figure 31: Design That Incorporates Tension

Design Idea #2

A voice-recording element in which the parent can sing while playing with their
child and having fun, but it can be recorded for them later and be replayed
when the child is playing on their own. Perhaps an order of actions that have
to be done, such as pulling a lever or pushing a ball through a hole, that is then
rewarded with a recording of their parent singing the song that they love (as
seen in Figure 32). Knowing it is something that will happen once the actions
are completed can be persuasive.

Figure 32: Design That Provides an End Reward

Design Idea #3

A transitional material for a floor mat or play space. Material and textures are
important sensory triggers that can be manipulated and used during certain
Toniis. A three part design for children with abnormal muscle tone.

61

Design Process

actions to provoke specific outcomes. Smooth and hard textures or soft and
bumpy texture surfaces might be able to be combined in some way (as seen in
Figure 33). Maybe even removable pieces, such as those individual bath mat
pieces for children that cause traction, can be used on a smooth surface so that
there are multiple options.

Figure 33: Design That Increases Sensory Stimuli and Environmental Exploration

Beginning to Toy with Physical Deliverables
I have continued to gain further insight about what can help children with
abnormal muscle tone by continuing to read books about sensorimotor
development and books that focus on why motor skills matter. All of my
research, combined with what I have observed from watching PT work
with different children, has taught me about the regular stages of physical
development in a children compared to those who have hypotonia and
hypertonia.
One big takeaway so far is the importance of engaging the senses during activity
time. As I have mentioned before, different materials have different effects on
the child, especially when used in the correct way. This insight triggered my
first design concept, which combines the design ideas that I have previously
mentioned.
Design Concept: Transitional Sensory Floor Mat/Play Space

A motor-skill enhancing play space that advances and keeps pace with the
child’s development.
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Figure 34: Transitional Sensory Play Space

This concept is geared towards newborns to 3 year olds with abnormal muscle
tone, but it is a universal design that really any child can use and have fun
playing with. It combines my end goals of advancing on physical therapy
sessions at home, engaging the parent to play with their child, and making
sure that the child has fun in the process. It also helps the child develop while
learning different levels of motor skills and focuses on sensory integration.
The elements of this product would be a rectangular floor mat covered in velcro
and three different stages of removable tiles. It is a modular piece that can be
configured in many ways, making each time they use it exciting and new (as
seen in Figure 34). It also allows the parent to be hands-on with the child,
setting up a sort of “environment” that they can watch their child interact with,
enabling the child to develop physically and creatively.

Figure 35: Modular Textured Tiles

First Stage

This focuses on the child when they are highly immobile, working on
advancements such as turning their head and lifting their arms outward. The
tiles come in different surfaces that contrast each other: hard and soft, smooth
and textured (as seen in Figure 35). The tiles can be placed however the child
needs it to be at that moment, taking up different amounts of surface area. For
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instance, softer textures such as carpeting allow increased resistance as opposed
to a smooth and hard materials that have no grip. Depending on the resistance
necessary for the activity that they are working on at the moment, the parent
can adjust it accordingly. There are also various textured surfaces that can be
used when the child is lying down. Due to their lack of mobility, children
with abnormal muscle tone do not have the opportunity to explore their
environment and feel different things in their surroundings. So I thought that
bringing these textures to them within reach would be helpful to integrate them
into what they would otherwise be missing out on.

Figure 36: Three-Dimensional Tile Incorporation

Second Stage

This focuses on the child when they are gaining some mobility, working on
advancements such as rolling onto their side, sitting upright, lifting up into
quadruped position (on hands and knees), and initial phases of crawling. The
tiles used for this stage, developing from two-dimensional to three-dimensional
from the previous one, would incorporate different shaped, textured
voluminous pieces that could be arranged by the parent to further advance on
their child’s motor skills (as seen in Figure 36). Depending on what part of the
body they are focusing on, the parent can adjust the shapes to either fit around
their child or to give them different levels of support. They can be stacked and
rearranged in different ways all over the mat and while the child slowly advances
in their development, they will have a slightly easier time moving around it to
use the different parts more independently. It will help them by giving them
different amounts of support in different areas of their body, as well as allowing
them to interact with the pieces of different shapes and sizes.
Third Stage

This focuses on the child when they are have already gained more mobility,
Toniis. A three part design for children with abnormal muscle tone.

64

Design Process

working on advancements such as creeping, crawling, and standing. There will
be tiles with different parts coming up from the base, ones that can be arranged
into a system that works on more focused motor skills. I imagine the parts
interacting with one another to create different functions, such as having areas
to grab on to, ones that a ball can be rolled through, and ones that have smaller
parts to pull on. I envision it as a simplified version of the “Mouse Trap” board
game I used to play as a child:

Figure 37: Mouse Trap Board Game (Milton Bradley n.d.)

Different elements are combined to create a system that teaches cause-and-effect
(as seen in Figure 37). The parent and child can combine them together and
then the child can work his/her way around the mat trying different techniques.
This stage is designed to enhance the skills that they have yet to focus on while
having fun at the same time. Another addition I thought might be useful
in this stage is to introduce an audial element. Children respond extremely
well to different sounds, such as the voice of a parent or a favorite song. This
could be used as a kind of reward when the child finishes one task. Once the
task is complete, a trigger effect would cause a recording of the parent’s voice
or a part of their favorite song to be played, giving them a larger sense of
accomplishment. It will make them want to go through the process again so
that this effect will be repeated.
While this concept is just an initial idea, I believe that it has the potential to be
advanced upon to become a better, more focused design. I will be meeting with
my advisors to show them my progress and to gain some further insight into
how I can move forward with this design.
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Meeting With My Thesis Advisors
I met with all three of my thesis advisors so that I could show them my model
and hear their opinions.
My panel of thesis advisors is made up of two industrial designers and a
pediatric physical therapist. I think that throughout the process this will benefit
me in gaining a well-rounded perspective on my approach, allowing me to
better understand the overall form and function required. Combining insights
from both ends will make my end product a successful design.
Advisor: Stan Rickel

Stan broke down my play space design into three elements: the mat itself,
objects, and more complicated objects. He realized that there is a process of
going from two dimensional forms into three dimensional forms.
He told me that it reminded him of an obstacle course or a board game. There
are individual movable parts that can be assembled in different ways so that the
child could interact with them. In a sense, the child becomes part of the game.
The floor quickly becomes anything they want it to be; aside from helping them
physically, it is a great environment to allow them to be free creatively and use
their imagination.
Overall, he pointed out that the design combines cause-and-effect, sensory
integration, creativity, play, parent-child interaction, and physical therapy.
Advisor: PT

I explained my entire design to PT before she told me her thoughts. She mainly
focused on stage two when she analyzed the potential of my design. Stage two is
where the three dimensional forms are introduced, the “propping” stage.
She told me that the wedge shapes are shapes that are used by physical therapists
during their sessions. The angled shapes are used to help children with different
levels of support and positioning. If they need to be propped at a certain angle
to play, the parent can lean them on the shape with the correct angle.
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For example, certain shapes can help the child ease into a quadruped position
(on hands and knees). The form can bear some of the added weight to ease
them into doing it on their own eventually. They are especially good for
“tummy time”, a critical stage in the beginning of every child’s development.
She also suggested an additional factor in which cut-out shapes are added to
each piece. The cut-outs can be used for more focused support on different
parts of the body, such as places where they can put their arms inside while their
stomach lies on the top surface or a spot where the child can sit down and be
surrounded by material around them. If the holes had larger opening on the
side, they can be used as a “crawl-through” piece. The interior space could be
lined with a more distinct texture so that while the child crawls through it, they
could reach up or around them to feel the lining.
PT also had some advice for the auditory element, the cause-and-effect part
of the design that would serve as a reward in the end. She liked that I did not
revolve this design around technological elements, although they do have their
place in designs for children. She informed me that there are many cause-andeffect children’s products currently available that are technologically based.
They can be useful at times but overall they create limited room for growth
and creativity. Technology should be used within limit, as long as it does not
interfere with the child’s ability to move beyond it. Also, when it comes to
technology, the gratification is so immediate that there is not that much work
done to get to that stage. Children do not have to try as hard and the end results
are the same.
When looking at it from a different point of view, however, technology does
have its place. When it comes to the technology in general in these types of
products, children with extremely limited movement can easily work with
technological products with ease and less effort. An example would be a
capability switch that can be attached to electronic products so that they can be
turned on and off with the slightest touch by children who struggle with motor
skills.
Overall, PT said something that stuck with me. She said that “technology has
overly infiltrated play.” I have thought the same thing since the beginning of
my thesis project and am trying to find a way to design a product that is as
helpful as possible to these children without having to rely on the abilities of
technology.
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Advisor: Alex Lobos

Alex gave me really helpful advice after I explained the concepts behind my
design, which gave me some direction in how to move forward with it. I
knew that I was trying to tackle too many aspects at once while attempting
to keep the design simple; unfortunately, it did not turn out to be as simple
as I had anticipated. He started off by telling me that it would help to define
more purpose, or direction, to keep me from going off track. I also need to go
through my research and figure out exactly which tasks I need to help my user
with so that I can tackle more specified problems as opposed to trying to solve
too many areas at once.
When discussing all three stages of the design, Alex had me think about which
one of the three was the most important. Which stage alone has the most
potential to help these children? In the end, Stage 2, which is the stage when the
physical shapes are introduced and can be moved around to be used for many
purposes, is seen as the one that can be most impacted by a designer. It is the
point in the process where I will be able to have the most power helping them
since it is when they are the most dependent on their environment. I can still
combine the other two stages’ findings into the second stage, such as bringing
in the textured surfaces from Stage 1 and incorporating the cause-and-effect
element from Stage 3.
A breakdown of his advice:
1. To take a step back and see what I have already designed, which I should then
break down into important elements (i.e. surfaces, form, layout, and color).
2. To find the components that will help the most with reaching the final goal.
I must break it down to the most potential surfaces (i.e. hard vs soft or textured
vs smooth).
3. To define to what degree each part of the design is helpful with for each stage
of the child’s physical advancement.
4. To pick a few milestones (i.e. reaching arms outward, lifting head, and
crawling) and deconstruct them, then figure out design strategies for each one.
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5. To figure out the most minimal amount of parts that can make the most
impact. He advised me to remove all potential failures – simplicity is key.

Advancing on My Design Concept
Taking the advice from my three mentors, I took the time to break down my
design concept even further. Here are the results:
Current Elements of the Physical Model

The overall model consists of contained space, shapes, forms, colors, textures,
levels, heights, and removable parts. I am going to advance on this design by
figuring out which ones are really necessary and which ones I can combine in
order to simplify the overall design.
The ‘mat‘ is an element of contained space, limiting the boundaries and adding
material to the design that might be restricting the possibilities of use. It could
be the part to remove from the design, leaving the tiled pieces as the main focus.
The ‘three stages of tiles‘ consists of movable parts and that is the most
important and impactful element of the design. However, having the three
separate stages might be too much. It makes the design far too complicated,
increases the amount of parts required, and is too defined at this stage of the
design. I will continue focusing on this aspect in order to pull out the individual
elements from each stage and then further break those down.
A Breakdown of the Three Stages

After much contemplation, I managed to break down the three stages into their
most crucial and impactful design characteristics. I found that stage one consists
of textures, two-dimensional flat pieces, hard and soft pieces, rearrangeable
parts, elements of varying resistance, and an overall tactile focus. Stage two
consists of textures, three-dimensional pieces, various angles, different heights,
curves, edges, hard and soft pieces, and shapes. Lastly, stage three consists of
three-dimensional pieces, removable parts, cause-and-effect factors, interacting
parts, and an audial element.
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Important Overall Elements

Having gone through the breakdown of the three stages, I narrowed down all
of the main design features into the four most crucial elements to continue
developing.
Texture. Varying textures enhance the overall sensory experience. They allow
varied levels of surface resistance and an eased transition into the surrounding
environment once the child’s mobility is gained. Lastly, having their limbs be in
contact with a number of different textures heightens their sense and awareness
of their own bodies. The textured surfaces are stimulating for them.
Varying Resistance. This element has the possibility to make certain tasks
harder or easier for the child, depending on what is needed at the time. Too
much support and resistance does not allow the child to advance, while too little
support and resistance does not help them when they need it.
3D Elements. While the two-dimensional elements are helpful, they can
be combined with the three-dimensional forms to have fewer elements with
a greater purpose. The three-dimensional elements can be incredibly helpful
throughout this entire development process. They can be used for basic
purposes in the beginning and for more advanced, creative purposes as the child
develops physically (and in effect, mentally as well).
Removable Parts. The parent and child can use this element together. In
the beginning, the parent can rearrange the parts for the child and as the child
develops physically, he/she can play a bigger role in the setup of the design. This
allows the product to advance in stages along with the child. In a sense, they
are growing and advancing together. Lastly, it further enhances the child’s fine
motor skills once the gross motor skills have been developed. The child is able
to move the individual elements around on the floor and take them apart using
their hands, depending on the future design of each piece and how detailed they
will become.

Discovering New Forms
I am going to branch out from the current concept design in order to play with
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different possibilities for my future design. Although I might end up advancing
on the first concept, I feel it is best not to limit my options at this point.
Sticking with three-dimensional shapes, I will be pursuing a concept that
combines multiple texture options in the same form so that the overall number
of separate pieces can be reduced. They will be multi-functional forms that have
multiple angle and height options (as seen in Figure 38) so that they can be
used for different purposes.

Figure 38: Geometric Modular Play Forms

The geometric forms on the left can be opened up and re-arranged to create
new forms, as seen on the right, from the same number of modules. There can
be increased surface area, a larger variety of angles to lean on, and greater height
differences. This new combination of different heights and angles can be used
for different purposes depending on what physical advancements the parent
and child are working on at the moment. Having the ability to advance from
simpler forms to more complex ones, the geometric shapes can be used for all
levels of development.
Meeting with my Advisor: Stan Rickel

I sat with Stan, my thesis advisor, in order to gain some further insight into
Toniis. A three part design for children with abnormal muscle tone.

71

Design Process

my most recent concept development. He advised me to break away from the
standard, geometric forms that I have been inclined to using. In his opinion,
these limited shapes are too common. Although I will continue to test out this
concept using physical forms, Stan suggested that I try to find more irregular
shapes to use, ones that can be used both individually and as a unit. Instead of
creating forms out of the top of my head, Stan also said that it might be a good
idea to look at already existing shapes in my surroundings and see how each of
them could influence new forms for my design.
I have been drawn to using geometric forms since the beginning due to their
straight edges and abilities to become modular. I did not consider using softer,
more organic shapes because I could not see them being able to be used stably
in different directions without having any flat edges to support them. In my
mind, softer shapes were limited to completely rounded forms that had no
ability to support and stabilize the child while they were being used. I did not
consider that I could manipulate the forms to perform the exact functions
that would be required, such as adding thicker parts to certain areas for greater
support and creating curved edges so that they can be laid down and keep their
stability while in use.
How can I create fun, curvy forms with no defined flat edges that can still
be firmly positioned on the floor and can be used on all sides for different
purposes? In addition, how can I manipulate various textures and densities with
the use of specific forms and material choices?

Figure 39: Testing the Stability of Organic forms

In order to begin this new exploration, I started to look at previously existing
abstract forms that contain zero flat edges and rely on curved surfaces to
enhance their shape. I took the time to look at all of the possibilities that can
occur when they are turned over in multiple directions and when different
amounts of weight are added to alternate sides (as seen in Figure 39). I will
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continue to experiment with these more natural forms so that I can tap into
their potential for my design concept.

Pursuing A More ‘Organic’ Design Form
This new design approach aims to create more unique, purposeful forms that
break away from the standard geometric shapes I have been focused on. In
addition to the aspect of appearing much more interesting and playful, I am
also able to manipulate their forms to a greater extent so that they can carry out
multiple functions at the same time. They will read more easily as a design for
children, based on form as well as carefully chosen elements such as color and
material, which intensifies the fun aspect that I have been trying to achieve.

Figure 40: Initial Form Exploration Sketches

These sketches are initial ideas for this new concept and will continue to be
advanced upon as I proceed to define specific purposes for each one of the
parts. I thought of tasks such as a requirement for added head support while
lying down as well as under arm support when learning how to crawl. I want
the forms to have no completely flat edges to support them; instead, carefully
chosen curves and protruding “appendages” (as seen in Figure 40) will create
a dynamic support system so that each one can be rotated into a number
of positions for different purposes. They will be used throughout the initial
developing stages, including the child learning to turn his/her head and learning
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to sit upright. Varying heights and densities can be targeted as a support system
as the parent works with the child on developing physically.
When I was focusing on the geometric forms, I was conflicted right off the bat.
I kept on imagining them being made from that standard gym mat material and
could not break away from that mental image. However, when it comes to these
new, curved forms, I am excited to experiment and see how the right material
can enhance the design. I will be looking into using silicone as the material due
to its range of densities, ability to be molded into different thicknesses, and safe
quality that needs to be key when designing for children. Removing all of the
edges has already led the way towards a safer design path, so why not utilize
a material that can advance on it? Also, silicone will easily lend itself to being
formed into different textures throughout the surface, such as a ribbed texture
and a bumpy texture in different sizes.
This sketch (as seen in Figure 41) shows the idea that I had of being able to
rotate each piece in any direction while still keeping the functions that they
need.

Figure 41: Rotated Forms for Multiple Functions

For example, a curved U-shape on the floor can be used for surrounding
support when learning to sit upright and a single part sticking outward on the
floor can be used as under arm support when doing “tummy time.” The usable
surfaces change depending on how the shape is positioned on the ground and a
design aspect I will really focus on is how to keep it sturdy in every position.
I foresee limiting this design concept into about four separate parts, ones that
work together to create a unit but can each be used as a stand-alone piece. They
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will subtly target different areas that need improvement and each one will be a
necessary component to the overall design.
Meeting with my Advisor: Alex Lobos

I sat with Alex to explain to him how my initial tiled mat design has advanced
to this newest concept idea. After going into the details of the new design, Alex
told me that he really thinks that it would make the child’s tasks more reachable
and in addition to that, it is a visually effective design that reads a lot more as a
design for children.
He also helped me realize what I need to continue working on at this point in
order to move forward. I have to narrow down exactly what the child needs to
accomplish and to design shapes specifically targeted towards meeting those
needs. For example, the act of pulling upright into a sitting position requires
friction and softness at the base, something on the side to grab on to, and a
large amount of stability in the right area. I will go through each important
milestone and break them down to see how design can initiate a specific action
or how it can help a child follow through with one they are working on at the
moment. In addition, if a visual cue will influence the child to turn his/her
head in a certain direction, a stimuli can be added for the child to be directed
towards.
Alex agreed that one of the greatest limitations of the geometric forms was that
they were all one note; it is difficult to ask them to do so many things at once.
These new, edgeless forms are curvy, yet parts will extend outward outside of
the focused mass in order to create a stable system that can support it in any
position that it is in at the time.
Each form needs to work in such a way that it can be used in any direction, as
though you can throw it and no matter which side it lands on, it works. These
shapes, although seemingly random, will each carry out a specific underlying
purpose, but will be able to work for much more than that.

Advice to Move Forward With
Meeting with my Advisor: PT
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PT gave me some really positive feedback once I explained my new design
concept to her. She liked that I am taking a new direction and thinks that the
forms have the potential to be successful while also being fun for the child. She
has been really good at keeping my concepts on the more functional side while I
throw in the creativity aspect to come up with functional forms that can make a
difference in these children’ lives.
Her main advice was to narrow down the age range. Although I started my
focus on newborns until three year olds, my design has the ability to be more
productive if it has a more focused direction. For example, I have been trying
to create a form that has the ability to give head support to a newborn learning
to use his/her neck muscles while also being able to rock back and forth so a
toddler can work on his/her leg muscles. I think I am trying to get too much
usage out of an object that can be designed in a ‘supernormal’ way. In other
words, I do not want it to have any unnecessary parts or be over-designed.
PT suggested that I stick with the age range of about 8 months to 14 months,
the age in which they already have slight development, so that the design can
focus on the advancements from that point forward. I am unsure if this is the
age range that I will be sticking with but I am going to take her advice and look
at the stages of development so that I could narrow it down.
The first thing that PT really liked about my concept was that I broke away
from standard, geometric forms that are often used in her physical therapy
sessions. The organic forms reminded her of a product that she sometimes uses
with the children and she immediately went to grab it for me so I can look at it
in person.

Figures 42 and 43: Bilibo Design Intended for Open-ended Play
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Bilibo (as seen in Figures 42 and 43) is a developmental tool used to increase
gross motor skills and enhance creativity in children. It is such a simple form
that it lends itself to endless possibilities in use depending on which direction
it is placed and how the child chooses to interact with it. Although it is very
different than the concept I am currently designing, it gave me confidence that
a simple design has the same amount of opportunity as a more complex design,
if not more so in some cases.
Looking at the form sketches, she thought that it was great that the child would
be able to climb on and off the pieces to help with their motor development.
When PT looked at my concept, she said she could envision a child using it
that already has the ability to creep on hands and knees and is learning to crawl.
She liked that I was trying to incorporate a slight rocking motion using the
curved edges; that motion can help with balance, motor reactions, and visual
development, specifically eye tracking. In addition, she suggested that if I create
back support for a sitting position, the support should be upright, not leaning,
in order to get the child’s main weight over his/her hips.
I mentioned the idea of using silicone as the final material. Choosing material
for a product is extremely important, especially when it comes to a design for
children. She agreed with me that it would make it a firm, sturdy structure
while still managing to keep it rather soft and child-friendly. One piece of
advice for me was that if I choose to use silicone in the end, I must make sure
that it is hypo-allergenic. She also said that when designing the surface textures,
I must make sure to not make the textures too fine. For example, although it
is still made from silicone, adding a stringy texture on the surface would make
it pretty hard to clean when the time comes. Especially since this product will
require cleaning quite often due to the fact that it is designed for children and
will be dealt with rather physically.

Material Consideration
I have known since the beginning that I want to use bright colors in my final
design concept due to their positive effect they can have on children’s focus, as
well as making a design for children more playful. For example, PT told me in
our last meeting that there are many developmental devices that require straps
in order to hold children in a certain position. These children’s’ parents do not
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want to see their child “strapped down”, so bringing in bright colors can help
eliminate that scary element for both parent and child.
When it comes to a final material choice, I am still thinking about different
options while focusing on both the manufacturing process and the requirements
that this product will need to meet. I have been leaning towards the idea of
using silicone for the end product, but having it made from solid silicone will
be incredibly heavy in both cost and physical weight. Therefore, the unique
abilities that silicone has to offer will be taken into consideration.
Idea #1

The form will be hollow in certain areas, specifically at the “appendage” parts
that stick out, and the silicone wall will be very thin at those points. The hollow
spaces will be filled with either a gel or water, cut off internally from the rest of
the piece so that it will not leak out (as seen in Figure 44). These softer areas can
be used as head, leg, arm, or core support underneath the child as they play. The
different densities will create different sensations for them while they lie down
and play or practice working on developmental techniques such as “tummy
time”. The center of the design will still be solid in order to keep the rigidity
and support the rest of the parts.
Another possibility is to have these hollow regions filled with air, just like gertie
balls that are commonly used during physical therapy sessions. There would be a
way to adjust the amount of air that is inside, allowing different densities to be
achieved depending on how much it is filled.
Idea #2

The entire form will be hollow, consisting of an external wall of silicone and an
internal space filled approximately halfway with sand. When the piece is rotated
in different directions for different uses by the child, gravity will cause the sand
to fall down in to the base, keeping it sturdier and allowing it to sit more firmly
on to the ground. The child will be able to work on their motor skills by gently
pushing the piece over and the sand will give in to this movement, helping
enhance the shift that they are already causing to occur. They will be able to feel
and slightly hear the weight shift as they slowly turn it over.
The additional element of sand has the ability to create a stronger support
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system for the piece as a whole, as well as enhance the overall sensory
experiences that the child will engage in while playing.

Figure 44: Hollow Components Filled with Different Materials

I will continue to play around with different organic forms by making CAD
models and using them to print small 3D form models for stability and
rotational testing. I want the design to be able to function on more then one
side, allowing for a greater variety of use by the child in each of the forms.

3D Print Form Study
Using Autodesk Fusion 360, I have been able to create CAD models in different
stages. I started out creating an abstract form with subtle curves and parts
that stick outward in order to see what overall form these features can create.
Although more research will be done in order to identify the exact curves and
angles necessary in the final models, I am just playing around right now creating
forms with varying angles and multiple positioning options. This form study
will help me analyze different shapes so that I can then break them down into a
list of features that I can move forward with as I advance on the forms.
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The overall goal was to create models on CAD which I could then transfer to
the 3D printer in order to create 2-4 inch ABS plastic models. At this point I
am focusing on the form of each of the pieces; once I advance further, I will be
making larger scaled models to test out the function. These small models allow
me to easily see the forms I have created in different positions as I compare and
contrast them to one another.
With each printing stage, I have printed one or two small models that share
similar characteristics. I made sure to advance on the previous ones each time I
made a new set in order to see how it might better my end design.
Stage One

I created and printed two forms that have a curved surface to initiate a subtle
rocking motion on one side, extended areas that the child will be able to lean
over and use as support for different activities, high and low points to enable
visual tracking, curved areas to use for sitting on, and an overall form that
initiates movement (as seen in Figures 45 and 46). I wanted them to be pieces
in which the child is curious to explore by both moving around them and by
moving the pieces themselves in order to view different areas. They were created
with no definite shape in mind; that ambiguity allows for a more creative
mindset when being used by the child. I want to create forms that trigger the
imagination in order to increase the fun element in these designs and to make
the child more interested in using them.
Another important element I have been focusing on is for the pieces to be
able to be placed in multiple positions, both to give each piece a more useful
function and to engage the child a little bit more. The design will be created in
a way that will allow the child to carefully move it around in different positions
without sacrificing the stability necessary to support them when they put their
weight on it. Taking advantage of the three-dimensional quality of these pieces
will allow me to focus on combining curved surfaces on all sides that can work
together for an effective design.
These first two models did not quite support themselves in different positions
as well as I had hoped. 3D printing them allowed me see the problems with
positioning that are harder to see when designing them on the computer screen.
In addition, the parts that stick out on these models are too present. They
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became more linear than I anticipated and I will continue to work on more
simplified forms with subtle curves that still execute the functions required.

Figures 45 and 46: 3D Print Form Study

Stage Two

The two forms that followed took into account the problems that were present
in the first set of forms. I attempted to make the curves flow more consistently
while keeping a variety of surfaces present. Although one of the forms was
successful in being simplified (as seen in Figure 47), the other one became too
complex and is not such a strong variation on the previous ones. However, the
main quality that these forms both followed through with was advancing on
positioning options that are available. They were able to be flipped over multiple
ways and were able to stand without falling over. This helped me realize that
there do not have to be as many surfaces sticking outwards for it to hold its
form; instead, I just have to take advantage of the few surfaces I do use and
manipulate the angles and soft edges for it to be able to stand stably in different
ways.

Figure 47: One Form from the Second Iteration of 3D Printed Forms
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Stage Three

This single form took on a manner of simplification. It is able to be placed in
about five different positions, limits the amount of extended parts, is able to
give a slight rocking motion for the child to work on their balance and stability,
and its minimal design alludes to different forms that might be found in nature
(as seen in Figure 48). I believe that the ambiguous design will enhance the final
forms and I will be able to create a set of pieces that will work well together.
As stated before, I will be developing the exact curves and angles necessary to
help the child with different activities, such as strengthening their core muscles
and sitting upright. Figuring out a general form that is made up of all of the
other features the final piece will encompass will be used as a basis later on as
the development of the design progresses.

Figure 48: Simplified Form in Multiple Positions

Although irrelevant to the actual function of the pieces, I really like that all
of these forms allow the imagination to run wild, somewhat like a Rorschach
test. When other people saw these forms, they asked me if they were models of
different sea creatures such as starfish, seals, whales, octopuses, and many more.
These forms, although based on no apparent object or animal, will allow the
children to advance on not only their physical development, but their creativity
and imagination as well. It will enhance the “fun” element that I have been
looking to incorporate since the beginning.

Less Design is More Design
Meeting with my Advisor: PT
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I brought my current 3D prints to show PT in order to look at them with her.
Instead of looking at them from the perspective of a designer, it really helped to
hear from a physical therapist how she thought the forms might be able to help
children with abnormal muscle tone.
In the case of adding a slightly curved area in which the child might be able
to sit on, PT suggested that I focus on creating a curve that will subtly add leg
support when the child is sitting. By creating a downward slope in the angle
of the sitting curve, it increases the amount of flexion in the hip, reducing the
potential for the child to slide out of the chair (as seen in Figure 49). This is
a safety concern since they sometimes lack the control required to hold their
body upright on their own. The simple diagram below might make it easier to
understand the difference between the two positions.

Figure 49: Simple Diagram Displaying Increased Flexion

However, once the child is able to sit like that on their own, they will not
necessarily need that section of the design anymore because they will be able to
move. This seating position restricts other movements so if it used in the final
design, adjustments will be required. The downward angled slope in the seat
base might not need to be as drastic nor would the seating curve need to come
up very high off the ground. A lower seating area would allow the child to keep
their feet touching the floor underneath. This design aspect will need to be used
for other activities as well since limiting parts of the form to such a specific
function might make using the design at home harder for both the parent and
child.
PT told me that babies usually curl up their legs instead of stretching them
outright. In order to allow them to sit with their legs upward, the sitting
curve must be wide enough to give them the knee room required to do so. If a
physical therapist is working with the child in a home environment, the parent
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might remove a seat cushion from their couch, sit the child in the corner, and
put a cushion in front of them between their legs in order to add something to
support them from falling forward.
This last bit of information gave me the idea to create a sitting curve wide
enough for the child to sit on with their legs comfortably positioned outward
(as seen in Figure 50). There would be a structure in the middle sticking upright
for the child to use to lean on for added support, such as the diagram below
indicates.

Figure 50: Curved Sitting Structure with Added Support

After explaining this new idea to PT, she gave me some incredibly useful advice
in which she started off by saying that “at the end of the day, parents should be
the toy of the child.” By not adding support pieces, it leaves more room for the
parent to help the child. The parent is able to come in and give both mental and
physical support to their child during play as opposed to the design doing all of
the work itself. It enhances their interaction instead of assuming that the child
is able to use the toy on their own. As time passes and the child becomes more
independent, the parent being there is no longer a ‘need’ as much as a ‘want’.
The parent is able to use the design with their child, thus increasing their quality
time together. In the words of PT, “the time you give to your child gives back
way beyond your imagination as they get older.”
Less design is more design. Essentially, leaving more room for the parent to help
the child allows for an overall greater parent/child interaction during playtime.
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Testing For Size: Making a Half-Scale Model
At this point, I decided to push forward with my latest 3D print advancement
in order to scale it up. The 3D print is only about 5 inches long, which is
helpful in identifying the form but not so much the function. I wanted to see
how stable the piece would be in a larger scale, as well as to see exactly how
big the final product should be. This latest print has a simple curved form that
varies in thickness from one end to the other (as seen in Figures 51 and 52). It
is able to be placed in four different positions while staying upright and each
position is useful for different activities. The main position it stays in allows it to
subtly rock and spin since the widened base has a slight curve, which is enough
to initiate movement while keeping safety in mind.

Figures 51 and 52: Form Basis for Half-Scale Model

I proceeded to take the CAD file for the model into a program called 123D
Make, which allows you to turn your 3D model into a two dimensional build
plan. The program takes the three dimensional form you have created and slices
it into layers upon your direction. I was able to choose the direction and width
of the slices it would be made up of based on the material it was cut from. In
addition, I hollowed out the inside so that I could fill the end piece with sand in
order to test the shift in weight when placed in different positions.
In order to choose the size of the larger scale model, I researched the average
measurements of a child in the age range of my user group. It turned out that
the average height is about 31”, so I decided that the overall length of my first
test piece would be 36”. I figured it should be a little bit larger than the child so
that they can sit on it and interact with it without it being too overwhelming to
them. Since the CNC has limitations due to the material choice, I had to create
an 18” half scale model. It would still allow me to test the function on a larger
scale than the 3D print and pave the way for future iterations.
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I chose MDF as the material to use for the model because it comes in large
sheets that are easy to sand once the pieces have been assembled. After setting
up the material onto the CNC, it was time to start cutting out the pieces. 123D
Make works with the CNC router so the new file had to be transferred to the
machine, allowing it to then follow the line paths that were programmed. All of
the pieces were cut out, cleaned, sanded, and assembled to create the half scale
form (as seen in Figures 53 to 58).

Figures 53-58: Sanding, Assembling and Completing the Half Scale Model

After the piece was completed, I began to take notes of its qualities. A thinner
wall would be better, allowing there to be more hollow space inside for the sand
to partially fill and allow a more noticeable shift in weight. When it came to
size, this definitely allowed me to see a more realistic scale of the final design.
Even though it was just a half scale representation of what the final form
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would be, it allowed me to see that at full scale the piece would be too large.
Instead of 36” long, it would be sufficient for the piece to be minimized to
approximately 25” long. A smaller size will allow it to be used properly without
being excessively large. In addition, no extra material will be wasted and the
proportion to the child will be more in scale.

More Thought About Texture & Material
Multiple people have told me that it would be great to add an element to my
end design that would allow parents to track the progress of their child. I have
been thinking about this for a while and will continue to do so until I decide
the best way to go about it. I want to keep my design as simple as possible
without adding unnecessary details. Adding a technological element like this
would increase the production and manufacturing cost, as well as making it too
complex.
I have also been coming back to the idea of adding different sensory elements
into the design, such as lights and music. However, I am determined to stick
with the adage of ‘less design is more design.’ After discussing this with PT
she helped me realize that the addition of these features can create a sensory
overload in the child as well, especially those in my user group. Children with
physical disabilities are often very sensitive to elements around them. When
working on their physical development, the frustration with their inability to do
certain activities can be enhanced by other noises and distractions going on in
their surroundings. Adding extra technological elements can create that sensory
overload, causing them to be overwhelmed. Therefore, I am going to try to
keep my design as minimal and useful as possible. If I decide to add additional
features, I will make sure that they are completely necessary and will find the
best way to incorporate them into already existing elements of the design.
Material

PT and I were discussing materials and she mentioned a product that triggered
a new design idea. She said that the gertie ball is a product often used by
physical therapists during sessions to enhance motor skills. Adding less air to
it makes it easier for the child to grab and hold on to it, while adding more air
makes it more stable so that the child can actually sit on it. What stood out to
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me was when she told me that there are certain gertie balls that are made with
a heat-sensored material that changes colors when held. Based on the pressure
that the child places on it, the color will change due to the change in heat.

Figures 59 and 60: Thermochromatic Gertie Ball Demonstration

I looked more into the technology, which I learned to be known as
thermochromism, and found a US toy patent that also uses it. The patent states
that the material changes color as the body temperature changes. A child is able
to change the color of the toy by raising or lowering the temperature, doing so
by placing it in heated or cold water or air. The heat of a child’s hands (as seen
in Figures 59 and 60) is also able to be used to change the temperature, causing
a noticeable change in its color. Generally, the material goes from a darker color
to a lighter one as the temperature of the material is raised.
The use of a material that changes color due to temperature might have the
ability to track the physical progress in the child. The harder the child grabs
onto the product the more his/her body temperature will cause the material
to change color, allowing the parent to actually see the physical ability of their
child progress. The more they develop physically, the greater their motor skills
will advance, allowing them to grasp and hold on with greater strength over
time. It can be a simple way to utilize the material to create a product that can
both initiate physical development as well as track it over time.
Thermochromism also has the ability to enhance the visual and tactile sensory
experience for children that will use this product. The color change will create a
unique visualization that will keep them interested and since it can be changed
as the child physically interacts with the product, it will teach them about causeand-effect as well. It will intrigue them to continue engaging with the product
once they see the visual effect that they are able to have on it.
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Texture

I want to incorporate textures on specific areas of the product, leaving some
surfaces smooth. Overall, the textures can be placed in a number of ways. They
can be incorporated into areas where the child has the most physical contact
with the piece for a more heightened sensory experience, one that would
enhance their proprioception, or ‘awareness of one’s own body.’ Another option
is for the textures to be used near those areas in which the child would be in
contact with the most, promoting them to reach outward towards it in order to
initiate stretching and increased movement.
After a lot of research into material options, including silicone and both BPA
and phthalate free synthetic rubber, I have found that material textures in
children’s products come in many variations. Including textured surfaces is a
very important design detail that will enhance the child’s sensory experience
when using the product. It has been difficult choosing specific textures to use
and exactly where to apply them. One aspect I am certain of is to use textures
that vary in both size and shape to create multiple sensory experiences that can
also initiate progress in fine motor skills. The following diagram shows some of
the texture options that I have sketched based on research and exploration.

Figure 61: Exploring Texture Options

Placement of the textures (as seen in Figure 61) will prove to be a key factor.
After looking at other products and going through my research, I have come up
with an idea of where to place the textures on the pieces. When it comes to the
smaller scale textures, such as ones with small bumps or ridges, the material will
Toniis. A three part design for children with abnormal muscle tone.

89

Design Process

be less protruding and more subtle. My idea is to place these textures in areas
where the child’s whole body will be leaning against the piece, or right near
those areas. They can be used for a sensory experience that will be a little more
understated. Specific areas of placement can include areas that they will be lying
down on top of, areas they would lean against to use as sitting support, as well
as areas they would use to lay over for ‘tummy time’.
When it comes to the larger scale textures, such as ones with soft and flexible
spikes, the material will protrude out more in comparison to those of smaller
scale. These textures will increase the raised surface area that the child can grab
or hold on to. They can be placed in areas that the child is most likely to be
in contact with on their own; specifically, areas that come in contact with the
child’s hands and feet. They can be implemented in areas that hang over the
child so it causes them to reach up in order to feel them, as well as in areas that
they would be able to lay their feet against. This would greatly increase the
focused sensory experience during playtime.

Progress is What Matters Most
Meeting with my Advisor: PT

Although I have been jumping ahead to researching materials and textures, I
had to take a step back and focus on the actual form of what I will be designing.
I had a meeting with PT to review the main developmental stages I will be
focusing on and to find out how to go about designing the specific curves based
on the necessary physical positions.
I had already narrowed down the age range I am focusing on, which is the
6 month to 14/15 month age range. Within this time, most of the physical
development that takes place includes ‘tummy time’, sitting, crawling, creeping,
balancing, climbing to get on and off of things, kneeling on objects and even
walking. I had some trouble differentiating crawling and creeping until PT
showed me the difference. Crawling is when the child pulls himself forward
on his stomach, using his hands and legs to pull his body forward. Creeping
is when the child moves into a quadruped position, moving forward on both
hands and knees in order to move forward.
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When working with a child, PT told me that there are overall guidelines for
where the child should be at developmentally. However, it really goes according
to the schedule of each individual child. When asking her what stage the child
should be at during each age range, she told me that there is no set answer.
Instead of forcing a child to be at a specific place at a specific time, physical
therapists promote stages of progress. As long as there is progress occurring,
that is what matters most. Therefore, there is no set developmental timeline for
children with abnormal muscle tone. There are just stages that should follow
one another and my design will help further this progression.
As a physical therapist, PT says that even when a child gains a skill, one
must look at the way it is done. If the physical positioning is incorrect, it
will put unnecessary pressure on the child’s joints. In addition, skipping over
developmental stages will effect those that follow. A good, strong and stable core
is key; the more stable you are there, the more control you have away from the
body.
One very important position is known as ‘crossing midline’, which is when
the child transitions from their hand and knees and then back into the sitting
position. The child is moving off of their center line of axis in order to rotate,
which is a big struggle since children tend to get stuck in a frontal position. It is
a great transitional position in the earlier developmental stages to enhance their
bilateral coordination, which is when they learn to use both sides of their body
equally. If there is a dominant side that the child uses, a physical therapist will
encourage the use of the other side as well so the dominance is balanced out.
Crossing midline develops the child’s hip muscles, core muscles, arm strength
and visual tracking. For a child to keep their head midline, to weight bear on
one hand and to reach out with the other hand is incredibly difficult for them.
In addition, children who are still developing physically often keep their legs
straight out in front of them. It anchors them for stability since it is a very
broad base that is holding them upright. Once their legs are up in a crossed
position, there is less surface area for support and a large bulk of their weight is
placed on their bottom.
Learning about specific positions during the developmental process helps me
understand the importance of each one individually and how they transition
into the next positions. It is also incredibly useful learning about them from PT
since she will sit next to me and demonstrate the positions step by step. Seeing
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them acted out physically allows me to understand them much more than I do
by just viewing images on the internet.

Follow-Up Observation/Shadowing Session
On January 6th, I had the opportunity to shadow PT on two physical therapy
visits with two different boys. I had already shadowed these two boys twice in
September, so having a few months in between visits allowed me to really see
the progress that they have made with her. These were my observations:
Child A – 14 months old; low muscle tone

Figure 62: Child with Hypotonia Sitting Upright

At this point, Child A is now able to sit upright unsupported (as seen in Figure
62), which is a huge step forward from where he was just a few months ago.
He can also reach for objects while sitting upright and even bang two objects
together. Once in a while he gets back into a side-lying position, so PT slowly
aids him as he pushes to lift back into an upright position. When he plays
upright with a toy, Child A mainly uses his left hand to play while he uses his
right hand to stabilize himself to stay sitting up.
A big challenge that PT is dealing with now is getting him to move onto his
stomach. She shakes a small toy near him that makes subtle noises, such as a
plastic maraca (as seen in Figure 63) or a ball with a smaller ball inside. When
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he hears and sees it, he slowly moves towards it by reaching his arms outward
while lying on his back. From his left side, Child A does not need much support
to sit upright when he is lying on the floor. He has to work a lot harder reaching
up from his right side.

Figure 63: Physical Therapist Using a Toy as an Initiative

PT holds up a plastic ring stacking toy while he is sitting upright. She has him
reach towards it and pull off the rings one at a time, then has him put them
each back one by one. Child A puts on and takes off each one that PT tells him
to and stays sitting upright the entire time. After this activity, she puts Child
A on her lap while she sits on a floor mat. She places his legs in a 90 degree
position and gently keeps them in this position with his feet planted firmly on
the ground. As she holds him in this position, PT uses her other hand to place
toys in front of him so that he reaches forward and grasps the toys with his
hands.
Seeing this progress from the first session I observed was incredibly impactful. It
showed that with enough time, patience and attention, children with hypotonia
can progress at a steady pace and advance physically over time.
Child B – 2 years (+ a few months) old; high muscle tone

PT supports him and tells him to carefully lean forward into a hands and knees
position. He leans forward slowly so that his hands are touching the ground and
she carefully lifts him back up. They proceed to do this activity multiple times
so that Child B gets used to it.
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After this, PT puts Child B’s orthotics on, followed by his sneakers (as seen in
Figure 64). The orthotics give him added support in the ankle and knee areas.
Having a more stable base helps keep the rest of him stable. She then places a
weight around his left ankle before trying to get him to walk across the room.
He walks across the room towards an iPad playing a favorite song of his while
she stabilizes him and slowly guides him there. Once he reaches his goal, Child
B sits down on the floor and PT adds a weight to his right ankle. With both
weights on, he is aided back across the room and goes into sitting position once
again when he gets to the iPad. PT does this exercise multiple times with him,
going from one end of the room to the other.

Figure 64: Physical Therapist Placing Orthotics on Child B’s Feet

PT pointed out that Child B works more with his right side during every
activity. If he pushes off the ground, he always uses his right side as support
since it is currently his dominant side. PT is working with him to use his left
side too in order to strengthen it so that he has no dominant side and uses both
of them equally. Getting rid of this current dominance will help him use both
sides during activities.

Figure 65: Walker Being Used for Support
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PT carefully sets him into his walker. He holds on to both sides and walks
without the support of PT (as seen in Figure 65), but uses the walker to help
him. He is able to walk out a fairly long distance on his own. He does not tire
easily and pushes himself to keep moving forward for a fairly long time.

Figures 66 and 67: Leg Muscles Getting Tired During Activity

Throughout this entire time he has been looking around and taking in his
surroundings. As he gets tired, Child B’s legs get less stable and the bottom of
his feet are no longer planted firmly on the ground (as seen in Figures 66 and
67). He uses the walker to hold most of his weight towards the end of his walk.
Once he starts fatiguing it is difficult for him to stand up straight. PT makes
sure to take short breaks while walking once he gets tired. She continues to give
him encouragement and support, telling him that he is doing a great job. She
also makes sure that he is holding up his weight with not only his right hand,
but his left one as well.
Once again, it was eye-opening to be able to see theses stages of progress with
my own eyes. It showed that although it might be difficult at times, these
children want to progress physically for themselves but do not know how to
do so on their. The help of a PT and development tools makes an extremely
noticeable difference and I am hoping that my design will also have the
opportunity to aid in these milestones.
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Deciding on Final Forms
This stage of form sketching began by making a list of the key developmental
stages that the final design concept will be focusing on. The benchmarks that
made up this list were: lying down while lifting arms outright, ‘tummy time’,
sitting upright, balancing, crawling, creeping, and moving objects. The three
pieces that compile my overall design will each be designed around a couple of
these stages. However, they will have additional uses as well so that they will not
have a limited usage time and as the child develops he will use them in different
ways through exploration.
In addition, each one of the three pieces advance in movement from one to the
next. As the child progresses physically, the pieces somewhat follow along in a
sense as their own movement is increased. It is a subtle way for the design to
grow alongside the child who is using them as they reach their milestones.
Going through the stages of development that are being focused on, I made
a list of necessary and optional components that each position would require

Figure 68: Optional and Necessary Support Structures
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for support (as seen in Figure 68). For lying down while working on arm
strength, the child will need head and upper back support. Support that is
optional would be underneath the entire body, underneath the arms, and
slightly underneath the knees. For ‘tummy-time’, necessary support would
be underneath the child’s chest as well as underneath the arms. Support that
might be helpful but is not necessarily required would include a front curve
to hang the arms over, underneath the entire body, as well as around the body.
For sitting upright, back support and support behind the neck area would be
required. Optional support includes under the leg support and surrounding
support. Based on these components, I sketched basic forms that would
accomplish all of the above in three separate pieces. These sketches along with
all of the research that has been done up until this point, have led to the three
final form choices.

Three Final Form Design Explanations

Figure 68a: First Design Form

Figure 68b: Second Design Form

Figure 68c: Third Design Form

First Design

This first form (as seen in Figure 68a), focuses on helping the child with arm
lifting and ‘tummy time,’ both of which are stages in which the child has
limited mobility in most of his body. These stages are an important area of focus
since they are the foundation of all other developmental stages. The minimal
form, meant to be used on both sides, has curves designed for specific positions.
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The specific placement of varying textures will initiate further movement in the
child’s arms and legs. Ideally, the finished product would be made of a soft yet
rigid material that will increase the child’s comfort by giving in slightly to his
body weight while still supporting him off the floor.
Second Design

This second design (as seen in Figure 68b) focuses on the developmental
stages of sitting upright, balancing and learning to climb on and off objects.
All of these involve the child learning to keep his upper body upright as well
as maintaining that upright position stably for a period of time. The form
has specific curves and thicknesses that are designed to be multi-purpose in
function. Placed in one direction, it can be used to improve the child’s sitting
position. A 90-degree back rest initiates the child to sit with proper posture
comfortably. Textures are placed in specific areas for sensory stimulation and
motivation for reaching outward.
When it is flipped upright, the design is used as a rocker. It is designed to be
low enough for the child to place his feet on the floor while sitting on it and
a bumpy texture serves as stoppers on the underside to prevent the piece from
rocking too much. This rocking motion will increase the child’s balancing
ability through play, further advancing on his physical advancement as well as
his motor skills. Another possible addition is that the form will be filled with
sand. This could serve as a base support that will shift where it is needed when
the piece is moved from one position to the next.
Third Design

This last design (as seen in Figure 68c) focuses on more advanced stages of
mobility, including crawling, creeping and moving objects. These are the stages
in which the child has gained enough mobility to begin moving about his
surrounding environment. They are also the stages when the child is playing
more independently than before, allowing the parent to observe their child’s
progress as opposed to having the child rely on them for help. This piece has no
set position; it is meant to rotate in order to move with the child.
The child is able to crawl through and feel the different textures lining the
interior surface of the form. He can push the lightweight piece in order to work
on arm strengthening as well as to chase after it, increasing his ability to both
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crawl and creep. Keeping the child’s interest with a unique form that is able to
move will help him advance on these movements without having to think about
what he is doing. He can also lie inside and reach around to grasp different areas
and feel through the gaps, which will help increase his fine motor skills.
All three of these pieces are meant to be used both individually and as a unit.
They were designed with specific functions in mind, yet their ambiguous forms
allow their usages to extend further than those intended purposes, giving them
a longer lifespan than other similar products currently on the market.

Observation and Product Scale Testing
On February 5th, I was able to shadow PT on two physical therapy visits with
Child A and Child B once again. Having a period of one month in between
these two visits allowed me to see even further progress that they have made
over a short period of time. These were my observations:
Child A – 15 months old; low muscle tone

PT spent the beginning of this physical therapy session working with Child
A to stay in a hands and knees position. Instead of this being his usual way of
moving around, he uses his head to scoot across the carpet while he lies on his
back. In this position, he also arches his back and pushes off of the ground to
gain movement. PT works with him on lifting upright on his arms and stomach
so that it will transition into him moving around on his hands and knees as
opposed to the position he currently prefers. She helps support him while she
has him slowly move forward on his hands and knees.

Figure 69: ‘Super Wrap’ Being Used During Physical Therapy
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PT places a mirror underneath Child A and holds him in the same hands and
knees position that he was in before. Looking down at his reflection, Child A is
interested enough to push upright in order to see his face, helping him stay up
on both of his arms for a longer period of time than usual. He enjoys looking at
his reflection but needs to be a little further away from it to see it, so this helps
keep him from laying down flat on top of it. In addition to the support that
she is giving him with her own hands, PT has wrapped a “super wrap” (as seen
in Figure 69) around his hip and upper thigh area. It is a stretchy, bandage-like
fabric wrap that holds his legs together and helps him stay a little more rigid.
Child B – 2 years (+ a few months) old; high muscle tone

Figure 70 and 71: ‘Theratogs’ Being Used for Physical Support

PT started the therapy session by taking out a product called Theratogs (as seen
in Figures 70 and 71) and carefully putting it on Child B. Theratogs, designed
by a physical therapist for children with neuromotor issues, is a garment that
physically aids the child when it is worn. It comes in different parts so that it is
easy to put on and remove, as well as so that it can be used on the areas of the
body that require it most.
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PT uses the medical device with Child B since it keeps him grounded, which
allows him to be more patient during the physical therapy session. He is able to
work for a longer period of time and it helps increase his stability throughout
the session. It also helps him with his hip rotation alignment when he is put in
to a kneeling position.
Product Scale Testing

In addition to just observing this session, I was also able to bring my first fullscale foam prototype of the first of the three final designs to test it for scale.
The model was created the same way my previous scaled model was made; I
designed the form on CAD, split it into stackable layers using Autodesk 123D
Make, then used the CNC router to cut the shapes out of 1” thick sheets
of polystyrene foam. I stacked the pieces together using spray adhesive then
proceeded to carve and sand it into its final form (as seen in Figures 72 to 75).

Figures 72-75: Prototyping the First Full Scale Model
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Child A, who is 28.5” tall, is the perfect age and size to use as a scale reference
for the model, so I brought it to the physical therapy session for him to interact
with. Once I placed it next to him, I immediately saw that the model was a lot
smaller than I had anticipated it to be (as seen in Figures 76 to 79). Although I
was still happy with the form, I knew that there were a few modifications that
were to come so that the scale could be perfected towards its user.

Figures 76-79: First User Scale Testing

The first modification to the full scale piece was that the thicker end, which is
the end that the child’s head would be leaning on, needed to be widened. This
would create a larger surface area that would be resting on the floor, increasing
the design’s stability and making it sturdier and safer for a child to interact with.
In addition, the entire piece need to be both lengthened and widened so that
it could accommodate a child. Seeing it not only in full scale, but also next to
a child in the age range of my user group, allowed me to gain a better sense of
scale.
One great part of seeing Child A interact with the foam model was when he
started crawling around it and playing with it. He was interested in its inviting,
Toniis. A three part design for children with abnormal muscle tone.

102

Design Process

curvy form and continuously grabbed on to it. This made me see that although
it is designed based on a specific developmental stage, its minimal form allows it
to be used beyond that for different purposes during playtime.

User Validation and Final Model Making
After testing my first attempt at a full scale model during my latest observation
session and seeing how incorrect the scale was, I created a second full scale
model and went about adjusting both the size and form accordingly. I created
a larger surface area so that the child could fit comfortably on both sides of the
form by adding a few inches to both the length and width. I also made both
ends a little bit thicker so that there would be more of the product touching the
ground. This would ensure that it would more stable and safe when the child
uses it at home.
I brought this second model to be tested for scale with another child. She is
about 10 months old so her age falls right into the range of my user group.
After bringing the second foam model to her home and even having her both
interact with it and lay on top of it (as seen in Figure 80), it once again became
aware to me that the scale was still incorrect. Although she was able to fit on
top of it, the scale needed to be increased even further to make sure that it
would be ergonomic for children both smaller than her and slightly larger (as
seen in Figures 80 and 81). Seeing it in a real-life context definitely helped me
understand the adjustments that were necessary to complete my design.

Figure 80: Second User Scale Testing
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Figure 81: Second User Scale Testing

Since I was unable to create a full scale, functioning prototype, I realized I
needed to find a way to show all of the important elements that my product
would have if it were being manufactured. This meant that I needed to create
either one model or a set of models to communicate scale, material, and how
the three final designs would look as a unit. After thinking about how to do this
in a clear and minimal manner, I finally knew how it would be accomplished.
To show how the product would look in its final size, I continued to create a full
scale, detailed model for one of the three designs. This model would represent
both scale and form, giving others the chance to better see how it would be
placed in the home environment. I used the same process as my previous
two models, gluing together stacked layers of polystyrene foam that was cut
using the CNC router and carefully sanding it into its final form. I then used
SolidWorks to create the textures that I wanted to add and 3D printed them
on the studio’s Makerbot. The piece was designed to have both cone and bump
textures that vary on either end on both sides. After printing four different
sets of textures, they were carefully sanded, glued on to the form and all of the
imperfections were spackled so there would be an overall clean, smooth finish.
This led to the next stage, which was to coat the entire piece with a product
called foam coat. Foam coat, used in the set design industry to create life-like
props to be used on stage, creates a plastic-like shell once it is painted on in
multiple coats and set to dry. Once it was dry, I carefully sanded it to have a
smooth a finish as possible. This was followed with multiple coats of primer,
sanded in between applications, and two coats of spray paint (as seen in Figures
82 to 89).
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Figures 82-89: Process of Making the Final Full Scale Model

To depict all three models together, making them each in full scale was
unnecessary. Instead, I used both Autodesk Fusion360 and SolidWorks to
create CAD models for all three designs. I scaled them all down to 1/4 scale
models and proceeded to 3D print them using the Makerbot. I assembled the
forms and finished them by sanding, priming and painting them. Each one was
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painted a different color using the color palette that I chose for my final designs.
After researching the positive sensory effects that color can have on children
with abnormal muscle tone, I chose bright colors that would be both fun and
visually appealing. Although the models are not as large as they would be in real
life (as seen in Figures 90 to 93), seeing them together in three dimensions gives
a much better sense of how they would be used both individually and as a unit.

Figures 90-93: Process of Making the 1/4 Scale 3D Printed Models

Finally, I needed to figure out an approach to depict the final material. The
model, made of foam and an exterior shell-like material called foam coat, does
not communicate what the product would feel like if it were manufactured as a
product for children. Although I was able to give it a silicone-like finish visually,
the textures and overall surface are very rigid and non-inviting for a child to
interact with it. I decided that what I needed to do was create a set of siliconemolded textured forms to communicate the real-life material.
I purchased a set of textured plastic balls for children to use for my texture and
material samples. I ended up cutting each one in half in order to use as the
basis for my molds. After multiple attempts at creating plaster molds, I tried to
create a mold using silicone caulking (as seen in Figures 94 to 97). I attached
the textured halves to a sheet of glass and used a mix of dishwashing soap and
water to slowly layer the caulking onto the textured exterior of the forms. After
creating two full layers and letting them dry, I attempted to break the forms out
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of the silicone mold. However, it turned out that there was not nearly enough
release agent applied before adding the silicone so it was impossible to break
them free from the mold.
The simplest way I could find to get a clean silicone copy of the textured halves
was to simply flip them inside-out and fill them will silicone. I flipped them all
this way, applied plenty of release agent to the inside, and carefully filled them
with a two-part silicone mixture. After letting them solidify, I was able to release
them from the textured plastic halves, leaving me with very clean silicone forms
to use as my material and texture references.

Figures 94-97: Process of Making the Silicone Texture Samples

The textured forms are able to be touched and held, communicating how
different textured surfaces would feel in the material of a final product.
The silicone is rigid yet somewhat soft, as well as non-porous and easy to
clean, making it a perfect candidate for a product in which a child would be
interacting with quite often. The soft quality makes it inviting and comfortable
while the rigidity adds an element of structure and safety to the product.
Assembled together for the final gallery exhibition, as well as for the final
defense presentation, these models give an overall sense of how the model would
be scaled in real life, how the three pieces would interact with one another and
how the final material would feel when being used by the child. The pieces all
complement each other to tell a complete story.
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Dr. Marcelo Zurita, LMT #17191 Oregon

“I want to congratulate you for your ideas and the advances you have reached
so far. I commend you for your plasticity in changing the shapes, textures,
hardness, and materials of the developmental toys. You are venturing into
unchartered territory and I wish you the best.
Consider these children as any other child. They are curious; they like to
investigate and figure it out. If they notice that whatever object, toy or gadget
they are using is helping them, they will want more. It will prevent them from
getting bored and losing interest.
Let me end by adding the following- if you are a mother you know this, and
if you are not a mother yet then maybe you already know. Children play with
a toy because it makes them feel different, they enjoy it, it broadens their
imagination and it helps them. When children with disabilities notice these
sensations they will spend more time with whatever you will design.”
Emily B., Mother of child with hypotonia

“My husband and I are so impressed with your work and thought process, but
even more so, I’m almost in tears with all the energy I can tell you’re putting
into these solutions. As a parent of a toddler who has had significant challenges
with hypotonia, I can tell you firsthand how exciting it is to see innovation
in this field. For instance, on this solution in particular, there are no straps. I
cannot tell you how many products have been brought into our lives for us
to use as parents [from providers] and they were designed around one chief
concept: bracing him in place with unforgiving straps and massive Velcro
straps. I’ve watched his body not be strong enough and collapse his full weight
against the straps, leaving sore welts and rashes. Some experiences were heartwrenching. Thank you for putting your gifts to work in an area that will help so
many families.
One last note- for a child to look forward, not at the ceiling or floor, is huge.
But, you have to be able to sit to do that. To look other playing children in the
eye, or close to it, is a major self-esteem builder. Thank you so much again.”
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Based on all of my research from the past year, my final design concept consists
of three separate pieces designed to be used individually as well as a unit. There
are three different stages that they assist with, focusing on a consistent physical
development process in both children with hypotonia and with hypertonia.
The following sets of images display computer renders of all three of the
final designs, including explanations of each developed form along with user
interaction renders.

Stage One
Lifting arms up, stretching legs out and ‘tummy time’
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This first design focuses on the earlier stages in which the child has limited
mobility in most of the body. The physical activities targeted are important
since they are the foundation for further physical development.
The minimal form has curves designed to be used on both sides. Specific texture
placement creates a tactile experience that promotes further movement in the
child’s arms and legs.
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Stage Two
Sitting, balancing and learning to climb on and off objects
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This multi-purpose form improves the child’s sitting position by offering a 90
degree back rest that initiates proper posture. Flipped upright, the piece can be
used as a rocker to increase the child’s balancing ability as well as visual tracking.
Textures are placed in specific areas for sensory stimulation as well as a
motivation to reach outwards and learn to explore.
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Stage Three
Creeping, crawling and fine motor skills
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This piece was designed for the stages in which the child is playing more
independently than before. It is meant to move with the child as they become
self-reliant in exploring their surrounding environment.
The child is able to crawl through either end in order to feel the textures lining
the interior surface as they pass through, as well as to grasp different areas to
advance further fine motor skills.
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Full Scale Prototype
Foam, 3D Print, Acrylic
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1/4 Scale Prototypes
3D Print, Acrylic
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Material/Texture Prototypes
Silicone
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This thesis process is an ongoing process. Further research into specific
categories will be conducted and efforts will be made to prototype future
modifications.
When it comes to user testing, the most beneficial approach would be to have
the opportunity to create full scale models using real-life materials. Although
the mold-making process would be costly, it will allow for more accuracy in
defining the final form and materials. The only way to determine an exact size
and to properly test the product’s safety would be to create these prototypes in
the material that would be used to manufacture the design in the future. This
would increase the product’s stability so that they could withstand ongoing user
testing.
The final forms will also be modified based on user testing. Having children use
the products and interact with them will allow me to see if the forms are ideal
for what they were intended for. If there are still slight problems, such as height
and width issues, modifications will be made.
As of now, the material options for future manufacturing are based on
discussions with industrial designers currently in the field. One option is to have
a blow-molded plastic core coated with silicone and the other option is to coat a
mold with an elastic coating and inject rigid foam into the center. More research
into these options, plus others, will be conducted.
Another advancement that will be made is the continued research into possible
markets. When it comes to marketing products such as this one, there are many
opportunities based on the specific category that the product falls under. For
example, I will have the choice to market this developmental tool in either
the category of medical design or toy design. Not only do these products vary
by nature, but medical products have less safety standards than children’s
products. The choice must also be made to market this for home use or school
use. Overall, products designed for the school environment receive a larger
manufacturing budget than those intended for home use. As of now, one
solution is to design this product to be used in therapy clinics. That way, the
products can individually be loaned to parents according to their needs and
the products will be used as intended under the watch of a parent or caregiver.
However, this is just one solution so continued research will be conducted in
this area as well.
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Conclusion

The findings of this thesis process were more in-depth than initially intended.
Based on thorough research and discussions with doctors, pediatric physical
therapists and parents of children with abnormal muscle tone, it is very clear
that there is a critical need for the development of products in this specific area.
Advancements are necessary due to the lack of empathy and testing conducted
in many products designed for children with physical disabilities. Although the
proper use is often taken into consideration by the designers and manufacturers,
the user experience lacks proper thought.
Toniis is a design based on the needs and wants of children with abnormal
muscle tone. Having the opportunity to speak with many parents and to
observe multiple children in different environments allowed me to understand
the struggles that are dealt with on a daily basis. I was able to see first-hand that
physical progress can be made possible with the commitment of time and the
use of the right products. This product serves to not only aid in the children’s
physical development, but it aims to enhance their lifestyles as well. To have the
chance to play using a product that encourages movement instead of restricting
movement is a life-changing opportunity that is somewhat uncommon in other
products currently available.
My intent is to design products that will have the chance to better the lives
of individuals who truly need it. Design has the ability to alter everyday
interactions between users and their surroundings. Knowing this allows me to
design products with true meaning and intention.
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Observation/Shadowing Notes

Child A- 9 months old; low muscle tone
9/9/14

PT has been working with Child A for the past three months. He was born
with extremely low tone and when visits began three months ago, he was unable
to lift his head, hold himself up, or hold a toy on his own. His only possible
position was lying flat on his back with arms laid flat out on either side of him
due to his inability to lift his arms upward. A good tactic to help him was ‘sidelying’, which positioned him on his side. It forced his legs together and his arms
were in a better position in from of him.
Positioning of the child’s toys are important as well. For example, placing a
toy forward in front of the child’s head will make him move his head forward,
strengthening the neck muscles. At first, on his stomach, Child A could not
pick his head up. It would fall down and he would get frustrated; slowly over
time, he had gained the strength to lift it up.
PT uses toys to motivate Child A to reach forward, especially ones that are
colorful and noisy to grab his attention- the toys or objects that are used as
motivation make all the difference. She helps to hold him up a little bit but
tries to get him to do it mostly on his own. One of the issues associated with
his low muscle tone is that when he loses his balance and falls over, he makes no
attempt to lift himself back up. Also, when he is held up in a standing position
his legs collapse. There is no attempt at all to stand or keep them straight.
One product that PT uses with children with low muscle tone is called a
gertie ball, which comes in sizes of 9” or less. It is a ball that comes in different
textured surfaces and you are able to blow it up as firm or as loose as you like,
which makes it easier to grab and adjust. The child is placed on top of the ball
in a sitting position which enhances his posture and gives him the opportunity
to bear some weight on his feet. The 90 degree sitting position is really
important for them to learn to do on their own- it is great for leg strength, waist
strength, and neck/head strength.
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Child A can go from his back to his side, but once he is on his side, he lacks
arm and shoulder strength to lift himself up on to his stomach. He struggles
to lift his head and with every turn his head shakes a little, representing how
unstable the movement is.
9/18/14

PT started out working with Child A on a carpeted floor. She explained to me
that she starts off on carpet because it will cause resistance when he tries to
move and she will then put him on the hardwood floor to help him turn on
his own more easily. He begins lying down on his back with his arms reaching
above him. PT holds out two small plastic toys that he is able to grab from her
and bang together; this simple act shows the improvement that has occurred
over the past few months thanks to the physical therapy sessions.
When the physical therapist turns him on to his stomach, he still struggles to
hold his head up on his own but is making slow progress. He also has trouble
lifting his body into a sitting position, so she will put him in a hands and knees
position (think of when you’re leaning on all fours) and slowly shift him into
a sitting position from there. One fun thing that she does is place a mirror in
front of him when he is finally sitting up. It completely grabs his attention and
he is so distracted that he can sit up on his own, even if just for a little bit.
One drawback to the hardwood floor is that even though it is easier for him to
move himself, the hard surface will cause him to hit his head harder if he gets
more tired and his head drops downward. Also, he can flip onto his side more
easily but the slippery surface makes it extremely difficult for him to transition
from that position onto his stomach.
1/6/15

At this point, Child A is now able to sit upright unsupported, which is a huge
step forward from where he was just a few months ago. He can also reach for
objects while sitting upright and even bang two objects together. Once in a
while he gets back into a side-lying position, so PT slowly aids him as he pushes
to lift back into an upright position. When he plays upright with a toy, Child A
mainly uses his left hand to play while he uses his right hand to stabilize himself
to stay sitting up.
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A big challenge that PT is dealing with now is getting him to move onto his
stomach. She shakes a small toy near him that makes subtle noises, such as a
plastic maraca or a ball with a smaller ball inside. When he hears and sees it, he
slowly moves towards it by reaching his arms outward while lying on his back.
From his left side, Child A does not need much support to sit upright when he
is lying on the floor. He has to work a lot harder reaching up from his right side.
PT holds up a plastic ring stacking toy while he is sitting upright. She has him
reach towards it and pull off the rings one at a time, then has him put them
each back one by one. Child A puts on and takes off each one that PT tells him
to and stays sitting upright the entire time. After this activity, she puts Child
A on her lap while she sits on a floor mat. She places his legs in a 90 degree
position and gently keeps them in this position with his feet planted firmly on
the ground. As she holds him in this position, PT uses her other hand to place
toys in front of him so that he reaches forward and grasps the toys with his
hands.
Seeing this progress from the first session I observed really made an impact on
me. It showed me that with enough time, patience and attention, children with
hypotonia can progress at a steady pace and advance physically over time.
2/5/15

PT spent the beginning of this physical therapy session working with Child
A to stay in a hands and knees position. Instead of this being his usual way of
moving around, he uses his head to scoot across the carpet while he lies on his
back. In this position, he also arches his back and pushes off of the ground to
gain movement. PT works with him on lifting upright on his arms and stomach
so that it will transition into him moving around on his hands and knees as
opposed to the position he currently prefers. She helps support him while she
has him slowly move forward on his hands and knees.
PT places a mirror underneath Child A and holds him in the same hands and
knees position that he was in before. Looking down at his reflection, Child A is
interested enough to push upright in order to see his face, helping him stay held
up on both of his outstretched arms for a longer period of time than usual. He
enjoys looking at his own reflection but he needs to be a little further away from
it to see it, so this helps keep him from laying down flat on top of it. In addition
to the support that she is giving him with her own hands, PT has wrapped a
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“super wrap” around his hip and upper thigh area. It is a stretchy, bandage-like
fabric wrap that holds his legs together and helps him stay a little more rigid.
In addition to just observing this session, I was also able to bring my first fullscale foam prototype of the first of the three final designs to test it for scale.
The model was created the same way my previous scaled model was made; I
designed the form on CAD, split it into stackable layers using Autodesk 123D
Make, then used the CNC router to cut the shapes out of 1” thick sheets of
pink foam. I stacked the pieces together using spray adhesive then proceeded to
carve and sand it into its final form.
Child A, who is 28.5” tall, is the perfect age and size to use as a scale reference
for the model, so I brought it to the physical therapy session for him to interact
with. Once I placed it next to him, I immediately saw that the model was a
lot smaller than I had anticipated it to be. Although I was still happy with the
form, I knew that there were a few modifications that were to come so that the
scale could be perfected towards its user.
The first modification to the full scale piece was that the thicker end, which is
the end that the child’s head would be leaning on, needed to be widened. This
would create a larger surface area that would be resting on the floor, increasing
the design’s stability and making it sturdier and safer for a child to interact with.
In addition, the entire piece need to be both lengthened and widened so that
it could accommodate a child. Seeing it not only in full scale, but also next to
a child in the age range of my user group, allowed me to gain a better sense of
scale.
One great part of seeing Child A interact with the foam model was when he
started crawling around it and playing with it. He was interested in its inviting,
curvy form and continuously grabbed on to it. This made me see that although
it is designed based on a specific developmental stage, its minimal form allows it
to be used beyond that for different purposes during playtime.
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Child B- 2 years old; high muscle tone
9/914

PT has been working with Child B for the past few months. He can only stand
if he is held since he struggles to stay upright, so she is working with him on
lifting off the ground to get into a standing position. His high muscle tone
causes him to keep his hands fisted and all of his ligaments brought in close to
his body. Instead of crawling, he scoots around with his right leg in front of him
and his left leg behind him, using his right leg to pull his entire body forward.
To help him try to walk in the upright position, PT aids Child B in using a toy
with a handle and wheels that he can use to support his weight. Even with the
help, he is very wobbly when using the toy for support. He has problems with
motor planning and has only figured out how to sit up 2 months ago with the
help of physical therapy. Up until this point he can only sit up using the right
side of his body; he still struggles to use his left side as support.
Child B is gaining strength in his leg muscles and learning how to move from
sitting to a standing position. PT is hopeful that he will eventually be able to
walk on his own in a couple of years with continued therapy. Another method
she uses to help him stand is supporting him with her arms and leaning him up
against a wall cushioned with gym mats to help him gain balance. It is easier
for him to stand when he is distracted by visual cues, such as a video on an iPad
that is held up in front of him. He is not thinking about what he is doing at
that point, but as soon as the video ends and he is no longer distracted, he ends
up falling instantly.
9/18/14

PT proceeds to work with Child B using a device that she brought with her.
She sets him up in a suspension walker, a physical therapy device used to aid
children who have struggles walking on their own.
The walker holds him in place with a detachable harness and holds him up
from above, but it gives him a little freedom to use his own leg strength to stand
and walk. He is very hesitant to walk forward so the physical therapist stands
in front of him with an object, such as a toy or an iPad playing a song that he
loves, to coerce him to move forward. He takes a few steps in her direction but
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quickly gets frustrated and starts crying. It does help him with his strength but
he is clearly not enjoying it at all.
I asked PT if his crying was caused by pain. She told me that even though
he is visibly struggling, it is most likely not due to pain caused by the act of
walking. It is just that he is not used to doing these sort of movements so it is
uncomfortable and even scares him a little bit each time he progresses.
After giving him a little break to calm down, PT sits on the floor with Child B
so that they are facing each other with their legs open and their feet touching.
They hold hands and she slowly moves back and forth, pulling him towards
her and then slowly letting him lean back. All of this is happening while she
is singing a song that he loves so he is not as much paying attention to the act
of moving as he is to the singing. She uses this technique as they go through
different activities, either singing a song that he likes or making a song on the
spot about the action they are doing at that very moment. Her voice seems to be
calming him, causing him to have a momentary distraction from what they are
working on.
1/6/15

PT holds him and tells him to carefully lean forward into a hands and knees
position. He leans forward slowly so that his hands are touching the ground and
she carefully lifts him back up. They proceed to do this activity multiple times
so that Child B gets used to it.
After this, PT puts Child B’s orthotics on, followed by his sneakers. The
orthotics give him added support in the ankle and knee areas. Having a more
stable base helps keep the rest of him stable. She then places a weight around
his left ankle before trying to get him to walk across the room. He walks across
the room towards an iPad playing a favorite song of his while she stabilizes him
and slowly guides him there. Once he reaches his goal, Child B sits down on the
floor and PT adds a weight to his right ankle. With both weights on, he is aided
back across the room and goes into sitting position once again when he gets to
the iPad. PT does this exercise multiple times with him, going from one end of
the room to the other.
PT pointed out that Child B works more with his right side during every
activity. If he pushes off the ground, he always uses his right side as support
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since it is currently his dominant side. PT is working with him to use his left
side too in order to strengthen it so that he has no dominant side and uses both
of them equally. Getting rid of this current dominance will help him use both
sides during activities.
PT carefully sets him into his walker. He holds on to both sides and walks
without the support of PT, but uses the walker to help him. He is able to walk
out a fairly long distance on his own. He does not tire easily and pushes himself
to keep moving forward for a fairly long time.
Throughout this entire time he has been looking around and taking in his
surroundings. As he gets tired, Child B’s legs get less stable and the bottom
of his feet are no longer planted firmly on the ground. He uses the walker to
hold most of his weight towards the end of his walk. Once he starts fatiguing
it is difficult for him to stand up straight. PT makes sure to take short breaks
while walking once he gets tired. She continues to give him encouragement and
support, telling him that he is doing a great job. She also makes sure that he is
holding up his weight with not only his right hand, but his left one as well.
2/5/15

PT started the therapy session by taking out a product called Theratogs and
carefully putting it on Child B. Theratogs, designed by a physical therapist for
children with neuromotor issues, is a garment that physically aids the child
when it is worn. It comes in different parts so that it is easy to put on and
remove, as well as so that it can be used on the areas of the body that require it
most.
PT uses the medical device with Child B since it keeps him grounded, which
allows him to be more patient during the physical therapy session. He is able to
work for a longer period of time and it helps increase his stability throughout
the session. It also helps him with his hip rotation alignment when he is put in
to a kneeling position.

Toniis. A three part design for children with abnormal muscle tone.

134

Appendix

Survey Questions

An online survey was posted on various websites, blogs, and forums geared
towards parents of children with abnormal muscle tone. In addition, hard
copies of the survey were handed out to a number of physical therapists to get
filled out by the parents of the children that they work with throughout the
week. The goal of the survey was to further develop the design of the product,
specifically when it comes to the aspect of enhancing the relationship between
the parent and child.
Survey

1. What is your age?
25-35
35-45
45-55
55-65
Other (please specify)
2. How many children do you have?
1-2
3-4
5-6
7-8
Other (please specify)
3. What is the age of your child with abnormal muscle tone?
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Newborn- 6 months
6 months - 1 year
1 year - 2 years
2 years - 3 years
Other (please specify)
4. Does your child have high muscle tone or low muscle tone?
5. Please select the motor skill(s) your child struggles with:
Lifting arms up
Turning head
Keeping head midline (straight forward)
Lifting legs up
Rolling over on to side
Moving from side to stomach
Lifting up on arms while lying on stomach
Holding head up while lying on stomach
Sitting
Quadruped position (propping up on hands and knees)
Crawling
Walking
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Other (please specify)
6. What is the average time per day spent working on physical development/
playing with your child?
0 to 30 minutes
30 minutes to 1 hour
1 hour to 2 hours
2 hours to 3 hours
3 hours to 4 hours
Other (please specify)
7. What sort of activities do you do together with your child?
8. What product have you used that you have found to be the most effective in
developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
9. Which of these characteristics would hold your child’s attention the most?
10. In your opinion, what is one thing that would make playtime with your child
more enjoyable:
For you?
For your child?
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Survey Results

#1
Started: Tuesday, November 11, 2014 2:56:13 PM
Last Modified: Tuesday, November 11, 2014 3:00:23 PM
Time Spent: 00:04:10
Q1: What is your age?
35-45
Q2: How many children do you have?
3-4
Q3: What is the age of your child with abnormal muscle tone?
Other (please specify) 7 years
Q4: Does your child have high muscle tone or low muscle tone?
Low muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Keeping head midline (straight forward)
Other (please specify) lordosis and protruding tummy on standing and walking,
tires easily
Q6: What is the average time per day spent working on physical development/
playing with your child?
30 minutes to 1 hour
Q7: What sort of activities do you do together with your child?
Weight bearing activities, pushing, pulling
Core exercises
Coordination activities (i.e. jumping jacks)
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
Jungle gyms and climbing frames (specifically climbing walls)
Large therapy balls
Q9: Which of these characteristics would hold your child’s attention the most?
Different textures/materials
Music
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For you? More time to do it!
For your child? More fun things to feel and listen to during the activity
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#2
Started: Wednesday, November 12, 2014 3:04:53 PM
Last Modified: Wednesday, November 12, 2014 3:06:17 PM
Time Spent: 00:01:24
Q1: What is your age?
25-35
Q2: How many children do you have?
1-2
Q3: What is the age of your child with abnormal muscle tone?
Other (please specify) 6
Q4: Does your child have high muscle tone or low muscle tone?
Low muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Other (please specify) running and balancing
Q6: What is the average time per day spent working on physical development/
playing with your child?
1 hour to 2 hours
Q7: What sort of activities do you do together with your child?
Running and bike riding
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
None
Q9: Which of these characteristics would hold your child’s attention the most?
Bright colors
Removable parts
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For you? Board games
For your child? X-Box games
#3
Started: Thursday, November 13, 2014 2:52:45 AM
Last Modified: Thursday, November 13, 2014 2:57:36 AM
Time Spent: 00:04:50
Q1: What is your age?
35-45
Q2: How many children do you have?
3-4
Q3: What is the age of your child with abnormal muscle tone?
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Other (please specify) 9
Q4: Does your child have high muscle tone or low muscle tone?
Low muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Other (please specify) jumping, climbing, lifting things of weight
Q6: What is the average time per day spent working on physical development/
playing with your child?
1 hour to 2 hours
Q7: What sort of activities do you do together with your child?
Swimming cricket soccer climbing frames obstacle courses ball skills
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
Everyday practical fun things like balls, bean bags, hula hoops, jungle gyms, etc.
Q9: Which of these characteristics would hold your child’s attention the most?
Bright colors
Removable parts
Music
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For you? Something that is multi purpose i.e. does more than one thing
For your child? Something with increased levels of difficulty
#4
Started: Monday, November 24, 2014 7:35:04 PM
Last Modified: Monday, November 24, 2014 7:49:13 PM
Time Spent: 00:14:09
Q1: What is your age?
45-55
Q2: How many children do you have?
5-6
Q3: What is the age of your child with abnormal muscle tone?
Other (please specify) 12 years
Q4: Does your child have high muscle tone or low muscle tone?
Low muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Other (please specify) Wrist, finger and ankle weakness- so opening things and
walking, standing or running
Q6: What is the average time per day spent working on physical development/
playing with your child?
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1 hour to 2 hours
Q7: What sort of activities do you do together with your child?
Monitor his independent choices at this point
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
Silly putty, art materials, custom orthotics that are not as flimsy as adult sized
orthotics (he now fits a size 6 adult shoe), Lego building blocks
Q9: Which of these characteristics would hold your child’s attention the most?
Different textures/materials
Removable parts
Music
Other (please specify) Fun characters either cartoon like or animal like
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For you? Less “screen time” and more creative
For your child? More “screen time” and more creative, possibly involving friends
#5
Started: Tuesday, December 02, 2014 5:49:26 AM
Last Modified: Tuesday, December 02, 2014 5:54:21 AM
Time Spent: 00:04:55
Q1: What is your age?
35-45
Q2: How many children do you have?
1-2
Q3: What is the age of your child with abnormal muscle tone?
Other (please specify) 6
Q4: Does your child have high muscle tone or low muscle tone?
Low muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Lifting arms up
Keeping head midline (straight forward)
Lifting legs up
Lifting up on arms while lying on stomach
Holding head up while lying on stomach
Sitting
Other (please specify) Cannot sit still, trouble straightening limbs
Q6: What is the average time per day spent working on physical development/
playing with your child?
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30 minutes to 1 hour
Q7: What sort of activities do you do together with your child?
Play catch, supported bridge pose, handstand against wall, gym ball work,
swinging and assist to pull up on trapeze swing
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
Wedge for sitting at table helps to keep her sitting or else she falls off chair, gym
ball for core work
Q9: Which of these characteristics would hold your child’s attention the most?
Bright colors
Music
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For you? If she could copy my movements
For your child? To not fall all the time
#6
Started: Thursday, December 18, 2014 2:55:31 PM
Last Modified: Thursday, December 18, 2014 3:02:09 PM
Time Spent: 00:06:38
Q1: What is your age?
25-35
Q2: How many children do you have?
1-2
Q3: What is the age of your child with abnormal muscle tone?
6 months - 1 year
Q4: Does your child have high muscle tone or low muscle tone?
Low muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Moving from side to stomach
Lifting up on arms while lying on stomach
Holding head up while lying on stomach
Quadruped position (propping up on hands and knees)
Crawling
Q6: What is the average time per day spent working on physical development/
playing with your child?
2 hours to 3 hours
Q7: What sort of activities do you do together with your child?
Assisted rolling, building endurance for tummy time by providing support
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under his chest (with one hand) while entertaining him, helping him to a
sitting position, encouraging him to reach high up and to cross his midline
when reaching; strategies are ongoing (we meet with a physical therapist every 2
weeks)
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
My son is most encouraged to roll to and reach for brightly colored shape
blocks (that go with the shape sorter). He also loves toys that make music and
light up and will basically only tolerate tummy time for any length of time (60
sec +) when something like this is available for him to look at/play with.
Q9: Which of these characteristics would hold your child’s attention the most?
Bright colors
Removable parts
Colored lights
Music
The sound of your voice
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For your child? Increased mobility. It’s clear he often wants to reach for things
further away but doesn’t feel stable enough to do so (e.g. go from sitting to
laying down and vice versa)
#7
Started: Wednesday, December 24, 2014 4:13:24 PM
Last Modified: Wednesday, December 24, 2014 4:19:46 PM
Time Spent: 00:06:22
Q1: What is your age?
25-35
Q2: How many children do you have?
1-2
Q3: What is the age of your child with abnormal muscle tone?
2 years - 3 years
Q4: Does your child have high muscle tone or low muscle tone?
Low muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Other (please specify) Jumping and climbing stairs
Q6: What is the average time per day spent working on physical development/
playing with your child?
Other (please specify) When she was a baby, it was hours on end each day;
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however, I have found that she made more progress when she was involved in
self directed play. She has physical therapy once a week for an hour, but for the
most part, we just play.
Q7: What sort of activities do you do together with your child?
Simon Says, Swimming, Hide and Seek, Pretend Play
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
Her big sister has been the best motivation.
Q9: Which of these characteristics would hold your child’s attention the most?
Removable parts
Colored lights
Music
The sound of your voice
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For you? Anything that allows her to take risks while being successful
For your child? Anything that allows her to feel like she is in control. She likes
to run the show.
#8
Started: Thursday, December 25, 2014 6:26:39 PM
Last Modified: Thursday, December 25, 2014 6:31:25 PM
Time Spent: 00:04:45
Q1: What is your age?
25-35
Q2: How many children do you have?
1-2
Q3: What is the age of your child with abnormal muscle tone?
2 years - 3 years
Q4: Does your child have high muscle tone or low muscle tone?
Low muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Lifting arms up
Lifting up on arms while lying on stomach
Holding head up while lying on stomach
Sitting
Quadruped position (propping up on hands and knees)
Crawling
Walking
Toniis. A three part design for children with abnormal muscle tone.

144

Appendix

Q6: What is the average time per day spent working on physical development/
playing with your child?
2 hours to 3 hours
Q7: What sort of activities do you do together with your child?
Physical therapy exercises, walks, listening to music, watching Disney music
videos, listening to classical music, playing with toys, playing with sensory toys
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
Wingbo
Q9: Which of these characteristics would hold your child’s attention the most?
Colored lights
Music
The sound of your voice
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For you? Easier way for him to hold himself up
For your child? He enjoys playtime pretty well
#9
Started: Monday, December 29, 2014 6:04:00 AM
Last Modified: Monday, December 29, 2014 6:05:23 AM
Time Spent: 00:01:23
Q1: What is your age?
35-45
Q2: How many children do you have?
1-2
Q3: What is the age of your child with abnormal muscle tone?
6 months - 1 year
Q4: Does your child have high muscle tone or low muscle tone?
Low muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Keeping head midline (straight forward)
Q6: What is the average time per day spent working on physical development/
playing with your child?
30 minutes to 1 hour
Q7: What sort of activities do you do together with your child?
Tummy time
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
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Respondent skipped this question
Q9: Which of these characteristics would hold your child’s attention the most?
Bright colors
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For your child? He hates tummy time
#10
Started: Monday, December 29, 2014 11:43:01 AM
Last Modified: Monday, December 29, 2014 11:47:57 AM
Time Spent: 00:04:56
Q1: What is your age?
35-45
Q2: How many children do you have?
3-4
Q3: What is the age of your child with abnormal muscle tone?
6 months - 1 year
Q4: Does your child have high muscle tone or low muscle tone?
Low muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Quadruped position (propping up on hands and knees)
Crawling
Walking
Q6: What is the average time per day spent working on physical development/
playing with your child?
2 hours to 3 hours
Q7: What sort of activities do you do together with your child?
Teaching how to get into crawling position. Stretching, standing, fine motor
play.
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
Shiny toys, colorful or musical toys.
Q9: Which of these characteristics would hold your child’s attention the most?
Colored lights
Music
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
Respondent skipped this question
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#11
Started: Monday, December 29, 2014 3:56:23 PM
Last Modified: Monday, December 29, 2014 4:09:44 PM
Time Spent: 00:13:21
Q1: What is your age?
25-35
Q2: How many children do you have?
1-2
Q3: What is the age of your child with abnormal muscle tone?
1 year - 2 years
Q4: Does your child have high muscle tone or low muscle tone?
Low muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Crawling
Walking
Other (please specify) He can crawl, but his hips and shoulders are weak so he
often face plants, or turns his hands backwards. He has great difficulty crawling
over obstacles, like a crash mat. Also, standing is difficult. Cannot stand alone
or continue to stand for more than a few minutes. To grab something off the
floor once he’s standing, he’ll return to sitting instead of bending for it.
Q6: What is the average time per day spent working on physical development/
playing with your child?
Other (please specify) Not sure I can quantify - we use every opportunity we
can get to practice physical development. I’m sure it’s 3+ hours.
Q7: What sort of activities do you do together with your child?
Gross motor, right? We haul out the guest mattress and he climbs up at an
incline. I set up the ironing board for his cars so he has to squat and bend.
We try to use stools, do a lot of scooping at the table, etc. I put out the couch
recliner and we try to climb up that for a toy. We try to use snow, water (the
pool), anything that gives him resistance. We just got a tunnel for Christmas so
he crawls through it.
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
It’s our ottoman that has a lid that can be flipped over so he can stand at it and
play. He crawls around it. He also has braces on his ankles -- they stabilize his
entire foot so he can actually stand. Helps him walk much better.
Q9: Which of these characteristics would hold your child’s attention the most?
Other (please specify) Cause and effect -- push a button hear a noise, balls that
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“pop” up when you press a lever, put a marble in a shoot and watch it run, etc.
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For you? If I could better understand where the line is between him not being
able to do it, needing to be pushed to try, and being exhausted/in pain.
For your child? More independence. He is so reliant on me to get him things or
help him move. As soon as he has an “all by myself ” moment, he beams with
pride.
#12
Started: Saturday, January 03, 2015 11:08:34 PM
Last Modified: Saturday, January 03, 2015 11:11:10 PM
Time Spent: 00:02:36
Q1: What is your age?
25-35
Q2: How many children do you have?
3-4
Q3: What is the age of your child with abnormal muscle tone?
2 years - 3 years
Q4: Does your child have high muscle tone or low muscle tone?
Low muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Lifting up on arms while lying on stomach
Sitting
Quadruped position (propping up on hands and knees)
Crawling
Walking
Q6: What is the average time per day spent working on physical development/
playing with your child?
1 hour to 2 hours
Q7: What sort of activities do you do together with your child?
Tummy time, flash cards, reaching while sitting
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
Exercise ball
Q9: Which of these characteristics would hold your child’s attention the most?
Different textures/materials
Music
The sound of your voice
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Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
Respondent skipped this question
#13
Started: Monday, January 05, 2015 10:26:20 AM
Last Modified: Monday, January 05, 2015 10:29:14 AM
Time Spent: 00:02:54
Q1: What is your age?
35-45
Q2: How many children do you have?
3-4
Q3: What is the age of your child with abnormal muscle tone?
2 years - 3 years
Q4: Does your child have high muscle tone or low muscle tone?
High muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Lifting arms up
Lifting legs up
Walking
Other (please specify) bending his knees and straightening his arm.
Q6: What is the average time per day spent working on physical development/
playing with your child?
30 minutes to 1 hour
Q7: What sort of activities do you do together with your child?
Play football, color, and Play-Doh
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
Football is great to get him to use both hands
Q9: Which of these characteristics would hold your child’s attention the most?
Music
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For you? Seeing him play with no physical limitations
For your child? To be able to walk and run with his siblings
#14
Started: Thursday, January 15, 2015 8:37:28 PM
Last Modified: Thursday, January 15, 2015 8:44:47 PM
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Time Spent: 00:07:18
Q1: What is your age?
35-45
Q2: How many children do you have?
1-2
Q3: What is the age of your child with abnormal muscle tone?
2 years - 3 years
Q4: Does your child have high muscle tone or low muscle tone?
Low muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Sitting
Other (please specify) Eating. Sitting At table requires foot rest to not fatigue
muscles
Q6: What is the average time per day spent working on physical development/
playing with your child?
1 hour to 2 hours
Q7: What sort of activities do you do together with your child?
Jumping, walking, puzzles, reading, and coloring
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
Fisher price booster seat, inflatable bouncing pony, mini trampoline.
Q9: Which of these characteristics would hold your child’s attention the most?
Different textures/materials
Removable parts
Music
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For your child? Not too loud sound
#15
Started: Tuesday, January 20, 2015 9:36:15 AM
Last Modified: Tuesday, January 20, 2015 9:41:00 AM
Time Spent: 00:04:44
Q1: What is your age?
35-45
Q2: How many children do you have?
3-4
Q3: What is the age of your child with abnormal muscle tone?
Other (please specify) 4
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Q4: Does your child have high muscle tone or low muscle tone?
Low muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Quadruped position (propping up on hands and knees)
Crawling
Walking
Q6: What is the average time per day spent working on physical development/
playing with your child?
0 to 30 minutes
Q7: What sort of activities do you do together with your child?
We do core strength exercises and work on transition through movements
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
We have a Mustang walker and we found the Squiggles early intervention seat
by Firefly useful with sitting
Q9: Which of these characteristics would hold your child’s attention the most?
Bright colors
Colored lights
Music
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For you? Something that is easy to grip as he has poor fine motor skills
For your child? Anything to bang that makes noise and lights
#16
Started: Wednesday, January 28, 2015 12:58:50 PM
Last Modified: Wednesday, January 28, 2015 1:18:26 PM
Time Spent: 00:19:35
Q1: What is your age?
25-35
Q2: How many children do you have?
1-2
Q3: What is the age of your child with abnormal muscle tone?
6 months - 1 year
Q4: Does your child have high muscle tone or low muscle tone?
Low muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Lifting up on arms while lying on stomach
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Quadruped position (propping up on hands and knees)
Crawling
Walking
Q6: What is the average time per day spent working on physical development/
playing with your child?
1 hour to 2 hours
Q7: What sort of activities do you do together with your child?
Reaching both while sitting and laying. Practice standing from sitting on an
slightly elevated surface. Sitting with legs together straight out. Reading books.
Putting things in/out of a bucket.
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
NONE! Devices have not helped in any way. Toys that interest her, currently
music (i.e. piano), bubbles, things that open/close.
Q9: Which of these characteristics would hold your child’s attention the most?
Removable parts
Music
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For you? A better understanding of what not to do, or that hinders her.
For your child? Simply the ability to get to the toys she desires.
#17
Started: Friday, March 13, 2015 9:04:52 AM
Last Modified: Friday, March 13, 2015 9:09:02 AM
Time Spent: 00:04:09
Q1: What is your age?
35-45
Q2: How many children do you have?
5-6
Q3: What is the age of your child with abnormal muscle tone?
2 years - 3 years
Q4: Does your child have high muscle tone or low muscle tone?
Respondent skipped this question
Q5: Please select the motor skill(s) your child struggles with:
Sitting
Walking
Q6: What is the average time per day spent working on physical development/
playing with your child?
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2 hours to 3 hours
Q7: What sort of activities do you do together with your child?
Walking frame
Sit to stand exercises
Stabilizing one hand, using the other
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
Walking frame
Q9: Which of these characteristics would hold your child’s attention the most?
Music
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For you? Co=operative interaction
For your child? Her way or no way
#18
Started: Tuesday, March 17, 2015 10:53:55 PM
Last Modified: Tuesday, March 17, 2015 10:57:52 PM
Time Spent: 00:03:56
Q1: What is your age?
35-45
Q2: How many children do you have?
1-2
Q3: What is the age of your child with abnormal muscle tone?
6 months - 1 year
Q4: Does your child have high muscle tone or low muscle tone?
High muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Lifting arms up
Turning head
Lifting up on arms while lying on stomach
Quadruped position (propping up on hands and knees)
Crawling
Walking
Q6: What is the average time per day spent working on physical development/
playing with your child?
1 hour to 2 hours
Q7: What sort of activities do you do together with your child?
PT/OT suggestions since second month of life; vary exercises and stretches as
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she gains function, relaxes
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
Joe Cool hand splints to relax hands
Q9: Which of these characteristics would hold your child’s attention the most?
Different textures/materials
The sound of your voice
Other (please specify) Patterns
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For you? Not worrying if she will be okay
For your child? Being able to stretch out arms, hands, trunk
#19
Started: Monday, March 23, 2015 1:19:52 AM
Last Modified: Monday, March 23, 2015 1:22:10 AM
Time Spent: 00:02:18
Q1: What is your age?
45-55
Q2: How many children do you have?
3-4
Q3: What is the age of your child with abnormal muscle tone?
6 months - 1 year
Q4: Does your child have high muscle tone or low muscle tone?
Low muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Keeping head midline (straight forward)
Holding head up while lying on stomach
Sitting
Quadruped position (propping up on hands and knees)
Crawling
Q6: What is the average time per day spent working on physical development/
playing with your child?
0 to 30 minutes
Q7: What sort of activities do you do together with your child?
Sitting, leaning from side to side, and tug-of-war
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
Stationary musical toy
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Q9: Which of these characteristics would hold your child’s attention the most?
Bright colors
Colored lights
Music
The sound of your voice
Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For you? A special chair that would allow him to sit up for longer
#20
Started: Monday, March 23, 2015 8:57:17 PM
Last Modified: Monday, March 23, 2015 9:04:21 PM
Time Spent: 00:07:03
Q1: What is your age?
35-45
Q2: How many children do you have?
3-4
Q3: What is the age of your child with abnormal muscle tone?
Other (please specify) Now 13 years old
Q4: Does your child have high muscle tone or low muscle tone?
High muscle tone
Q5: Please select the motor skill(s) your child struggles with:
Lifting legs up
Rolling over on to side
Quadruped position (propping up on hands and knees)
Walking
Other (please specify) He struggled as an infant. Now is an athlete!
Q6: What is the average time per day spent working on physical development/
playing with your child?
3 hours to 4 hours
Q7: What sort of activities do you do together with your child?
Practiced standing, relaxation exercises, massaged tight muscles, opened his fist,
played “ring around the Rosie” for balance & standing up after falling down
Q8: What product have you used that you have found to be the most effective
in developing their motor skills? (i.e. a type of sitting device, a specific toy, etc.)
His orthotics on his legs to prevent “toeing up” & his play therapy
Q9: Which of these characteristics would hold your child’s attention the most?
Music
The sound of your voice
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Q10: In your opinion, what is one thing that would make playtime with your
child more enjoyable:
For you? More activities
For your child? More variety in exercises
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